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Chapter 1
INTRODUCTION
The Amsden Formation in  the Tendoy Mountains represents 
a sign ifican t phase of marginal marine carbonate sedimentation that 
-was gradually inundated by quartz sands of the Quadrant Formation. 
The area presents a useful working model for the gradual encroach­
ment of sand into a carbonate environment. The primary objective 
of th is  study i s  to  analyze the lithology and stratigraphy of the 
upper part of the Amsden Formation and interpret the environments 
of deposition.
During the course of the study, the Amsden Formation was 
divided into lower, middle, and upper members; f if te e n  sections were 
measured across the middle and upper members, and two reference 
sections were taken of the entire exposed lower member.
Thirteen rock types and nine associated subtypes have 
been id en tified , and represent a l l  of the exposed rocks studied by 
the author in the Tendoy Mountains. These rocks represent environ­
ments ranging from shallow open marine to  supratidal, and include 
marine lagoons, channel carbonates, channel sandstones, and blanket 
sand tongues. Fluctuating sea le v e l, possibly modified by topo­
graphic elements, caused these environments to sh ift  la te r a lly , and 
consequently change v er tica lly . The general trend i s  one of south­
ward progradation of sands across carbonate sediments*
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The follo-wing d iscu ssio n  o u tlin e s  a b r ie f  history* o f nomen­
c la tu re  o f th e  Amsden Formation in  th e  Tendoy Mountains* d e sc rip tiv e  
and in te rp re t iv e  a sp ec ts  o f th e  rock  ty p e s , and th e  d e p o s itio n a l 
h isto ry - of th e se  ro ck s, as  in te rp re te d  from th e  s tr a t ig ra p h ic  
re la tio n s h ip s  o f th e  various rock  types*
The read er i s  r e fe r re d  to  th e  Appendix fo r  f i e ld  and lab o ra ­




Westerly dipping Paleozoic rooks are exposed along the 
east flank of the Tendoy Range, west of Lima, and Dell, Montana 
(Figures 1 and 2) • The Amsden Formation Is exposed about midway 
up the eastern flank of the range, forming a topographic bench that 
r ises  above a valley formed by less resis tan t s tra ta  of the Big 
Snowy Croup (Soholten, 19$$)*
Soholten (19$$) and others desorlbe the Paleoaoio rocks 
In th is  part of Montana to  represent the "Montana shelf11 portion of 
the Oordllleran geosynoline* Mhughan and Roberts (1967) indicate 
that the MLsslssipplan and Pennsylvanian rooks of the Tendoy Mountains 
were deposited In the Montana Trough, a narrow east-west seaway, sub­
sequently altered by faulting and erosion, that extended from oentral 
Montana to eastern Idaho* This trough or embayment has been con­
sidered by many geologists to  be a remnant of the seaway oonneotlng 
the Oordllleran geosyncllne and the Big Snowy Basin In oentral 
Montana*
PREVIOUS INVBSTIQATIQNS
Because of the av a ilab ility  In the lite ra tu re  of discussions 
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th ese  papers th a t  consider th e  Tendoy Mountains a re  presented  in  
th i s  pa par • The read er i s  r e fe r re d  t© Mundt (195^)* W ill is  (1959)* 
and East©n (1962)* fo r  complete chrono log ical d iscu ss io n s  o f  
nomenclature ,
S loss and Moritz (1951) published th e  f i r s t  c©mprehensive 
study of the  Paleozoic rocks of southw estern Montana th a t  included 
th e  Tendoy Mountains, These au tho rs  apply th e  name Amsden Forma­
t io n  to  rocks with "a b a sa l u n it  of shale* s il ts to n e *  and sfcaly 
dolomite* b r ig h t red  or p u rp lish  in  color* ,o , ( th a t )  grade up to  
and a re  succeeded by a f o s s i l i f e r o u s  lim estone member which i s  th in  
bedded a t  th e  base and more massive above”. The au tho rs  mention 
th a t  th e  Amsden Formation becomes more sandy upward* grading in to  
sandstones of th e  Quadrant Formation,
Scholten (1955) described  th e  Amsden Formation in  the  
Tendoy Mountains as  "more than  200 f e e t  o f • • , lim estones and s h a le s”. 
He a lso  no tes th a t*  except fo r  lo c a l  abrupt contacts* th e  Amsden- 
Quadrant boundary i s  g en era lly  g rad a tio n a l in  th e  Tendoy Mountains, 
The Big Snowy-Amsden con tac t i s  described  as poorly  exposed, w ith a 
" lo c a l occurrence of a conglomerate w ith lim estone pebbles in  the 
b a sa l u n it  th a t  suggests a disconform able co n tac t" . Elsewhere in  
h is  paper* Scholten  r e fe r s  to  th e  Amsden Formation as  dolom ite and 
sandy dolom ite,
Maughan and Roberts (196? ) s in  a study of Upper M ississipp ian  
and Pennsylvanian sediments* e lev a ted  the  name Amsden to  group 
rank . As defined by them* th e  Amsden Group inc ludes th e  Tyler
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Form ation, Alaska Bench Formation, and D evils Pocket Formation., in  
ascending o rder. As defined , th e  Amsden Group a t  th e  type se c tio n  
a t  Amsden Greek in  no rth  c e n tr a l  'Wyoming i s  composed of J5a lower red  
shale th a t  lo c a l ly  i s  a sandstone a t  the base,, a m edial lim estone 
member, and an upper red  sh a le  member th a t  includes in terbedded 
carbonate rock and sandstoneM. The au thors r e f e r  to  a th ic k  sequence 
©f rocks equ iva len t to  th e  T yler Formation th a t  e x is t  in  th e  Tendoy 
Mountains, but do not in d ic a te  th e  exact l i th o lo g y  except to  note in  
th e  c o r re la tio n  ch art th a t  i t  i s  sh a le , -with subordinate sandstones 
near th e  base. Also in  th e  c o r re la tio n  c h a r t ,  they  include th e  
Alaska Bench equ iva len t a t  a se c tio n  measured a t  Big Sheep Greek.
At t h i s  lo c a l i ty ,  Maughan and Roberts ap p aren tly  include th e  D evils 
Pocket Formation in  th e  b a sa l Quadrant Form ation. Although th e  
au tho rs  e lev a ted  th e  Amsden Formation to  group rank , th ey  recommend 
th a t  rocks equ iv a len t to  th e  Amsden Group in  -western Montana 3Jcon­
tin u e  to  be recognized as  th e  Amsden Form ation35.
PRESENT STUDY
The nomenclature used in  t h i s  study  corresponds to  th e  
suggestion  o f Maughan and Roberts (1967), and th e  rocks under study 
a re  re fe r re d  to  in  t h i s  paper as  th e  Amsden Formation. This study 
focuses on th e  s tr a t ig ra p h ie  r e la t io n s h ip s  in  th e  upper p a r t  of th e  
Amsden Formation. As such, a d iscu ss io n  of th e  e n t ire  Amsden Forma­
t io n  and i t s  c o r re la tio n  o u ts id e .th e  study a rea  i s  beyond th e  scope 
o f t h i s  paper.
.However* th e  author, b e liev es  th a t  th e  Amsden Formation in  
th e  Tendoy Mountains can be divided' in to  th re e  members (Figure 3) 
based ©n out crop c h a ra c te r is t ic s  and li th o lo g y . These are* (1) a 
lower member* recessive*  very  th in  bedded* lam inated lim estone and 
shaly  lim estone^ (2) a middle member* th ic k e r  bedded and more 
r e s i s ta n t  than  th e  lower member* composed predom inantly o f f o s s i l ! -  
fo r  ©us and cherty  limestone's (3) an upper member * composed of i n t e r ­
bedded limestone., s i l t y  limestone., s il ts to n e *  dolomite,, and sand­
stone* th in ly  bedded and le s s  r e s i s ta n t  than  the  middle member•
The middle member i s  l i th o lo g ic a l ly  s im ila r  to  rocks 
re fe r re d  t© as A laska Bench by Gilmour (1967) and E aston (1962)$ 
Maughan and Roberts (1967) r e f e r  to  an J5Alaska Bench e q u iv a le n t58 
presen t a t  Big Sheep Greek in  th e  Tendoy Mountains* and a lso  r e f e r  to  
a !3TyIer Formation e q u iv a len t53* in d ic a tin g  th a t  they  b e liev e  these  
two form ations a re  p resen t a t  Big Sheep Creek.
I  b e lie v e  th a t  th e  lower member and middle member proposed 
above may be c o r re la t iv e  -with th e  T y ler Formation and Alaska Bench 
Formation* resp ec tiv e ly *  as defined by Maughan and Roberts (196?)«
The upper member may be c o r re la t iv e  w ith  th e  D evils Pocket Formation. 
E lev a tio n  of th ese  members to  form ation s ta tu s*  however* should aw ait 
fu r th e r  mapping and d e ta ile d  paleont© logic s tu d ie s  of these  r o c k s . .
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S ection  8
L. Sand Subtype I I I  
K. Sand Subtype I I  
J .  Sand Subtype I
I .  S i l t y  M ic rite  Rock Type ( In te rv a l  X) Base of Upper Member 
H. Carbonate Mound Rock Type ( In te rv a l  IX)
G. In te rv a ls  VII and V III
F, In te rv a l  VI -  Carbonate Sand Rock Type
E e In te rv a l  V
D e Productid-Bryozoan Crinoid Subtype ( In te rv a l IV)
C® In te rv a l I I I
B. M ille re llid -B rach io p o d  ( In te rv a l  I I )  Base of Middle Member 




The rock types d iscussed  "below rep re se n t d e s c r ip tiv e ly  
defined , in d iv id u a lly  d is t in c t  bodies of rock  th a t  r e f l e c t  in d iv id u a l 
environments of deposition* One of th e  major in te n tio n s  of t h i s  
study i s  t© e s ta b lis h  th e  s tr a t ig ra p h ic  framework fo r  th e  Amsden 
Formation in  th e  Tendoy Mountains so th a t  o th e r g eo lo g ists  may use 
th a t  framework fo r  fu tu re  s tu d ie s  of th e  Amsden Formation in  nearby 
areas* Consequently,, each rock  type has id e n t i f ia b le  asp ec ts  of 
l ith o lo g y , fauna, te x tu re ,  and co lo r, and i s  recognizab le  in  th e  
fie ld *
In  th e  fo llow ing  d iscu ssio n  each rock  type i s  id e n t i f ie d  
and described , and then  th e  environment of d ep o s itio n  i s  in te r -  
preted*
The environment of dep o sitio n  has been in te rp re te d  by 
examining a l l  th e  fa c to rs  th a t  compose th e  rock  type and make i t  
d is tin c t*  These fa c to rs ,  such as  f o s s i l s ,  allochem s, m atrix , bedding, 
sedim entary s tru c tu re s ,  and co lo r, o ften  l im it  th e  rock  type to  a 
c e r ta in  range of environm ental to lerance*  For example, rocks con­
ta in in g  in t r a c la s t s ,  mat a lg a e , and © stracods, most probably were 
deposited  in  an i n t e r t i d a l  marine or b rack ish  environment, e sp e c ia lly  
i f  a sso c ia ted  above and below by o ther rocks w ith shallow  w ater
fea tu res*  A fte r  a range of environm ental to le ra n c e  was in te rp re te d
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in  t h i s  manner, recen t l i t e r a tu r e  ■was examined to  s u b s ta n tia te  or 
question  th e  in te rp r e ta t io n .
When th e  co n s titu e n ts  a re  not c h a ra c te r is t ic  of a c e r ta in  
environm ental range, th e  in te rp r e ta t io n  r e l i e s  on th e  re la t io n s h ip  
of th e  rock type to  an o ther, u su a lly  ad jacen t rock ty p e , -whose 
environment can be more re a d ily  determ ined. For example, i f  an 
u n fo ss ilife ro u s  and s tru c tu re le s s  m ic rite  i s  ad jacen t to  a mat a lg a l  
u n i t ,  th e  former i s  in te rp re te d  t© re p re se n t i n t e r t i d a l ,  or perhaps 
s u p ra tid a l ,  sed im entation .
By sep a ra tin g  th e  d e s c r ip tiv e  from th e  in te rp re t iv e  aspect 
o f th e  d iscu ss io n  i t  i s  hoped th a t  th e  reader may u t i l i z e  th e  s t r a t i -  
graphic u n its  w ithout being  ob lig a ted  to  accept th e  environm ental 
in te rp re ta t io n s  of th e  w r i te r .  In  t h i s  way, perhaps th ese  rocks may 
be id e n tif ie d  and u t i l iz e d  in  nearby a reas  re g a rd le ss  of d if f e re n t  
opinions about t h e i r  re sp e c tiv e  d e p o s itio n a l environm ents. T h irteen  
rock types and n ine a sso c ia ted  subtypes have been id e n t i f ie d  and are  
described  below.
BRA. CHXOPOD - GRDJOH) CHURNED MICRITE ROCK THE
This rock  type i s  id e n t i f ie d  by th e  dominance of s tro p h e- 
msnid brachiopods and c rin o id  fragm ents in  a l ig h t  ta n , dens© m ic rite , 
th a t  weathers to  r e s i s ta n t ,  l ig h t  gray beds 6 n -  1251 th ic k . In  
a d d itio n  to  th e  above f o s s i l s ,  th e se  rocks con tain  a d iv erse  fauna, 
th a t  includes fragm en ts ,o f ech in o id s, sp ines, bryozoans and ostracods. 
Endothyrid fo ram in ife rs  and en c ru stin g  fo ram in ife rs  a re  p resen t but
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not abundant. The matrix i s  churned* and fo s s i ls  lack any con­
s isten t orientation# Brachiopod and crinoid fragments ar© se lec ­
t iv e ly  s i l ic i f ie d ,  standing in  r e l ie f  on the outcrop# Tan chert 
nodules and stringers ar© always present#
Environmental interpretation# This rock type is. lim ited
i |
to  the south end of the study area, where i t  often l ie s  between beds 
of p e lle ta l mud# I t  i s  lim ited to  the lower and middle members#
The high faunal d iversity  suggests that the environment of 
deposition was normal marine, with high productivity and normal 
salin ity# The lig h t color of the matrix indicates a well-oxygenated 
environment# The churned nature of these rocks i s  probably evidence 
of an abundant infauna that burrowed and disrupted the sediment#
The relationship of th is  rock type to  p e lle ta l sediments 
indicates that i t  was deposited adjacent to  the p e lle ta l sediments, 
perhaps s lig h tly  seaward in  the subtidal environment#
MIIIERELIID-BRA. CHIOPQD-CRINOID ROCK TYPE
This rock type i s  e ssen tia lly  sim ilar to  the previous rock 
type, but has m illere llid  foraminifers# I t  i s  identified  in the 
f ie ld  by the presence of m illere llid s  (Figure I;), and i t s  charac­
t e r is t ic  massive, resistan t outcrops S1 -  7* thick, composed of 
individual beds 1* -  2* thick (Figure 3)# I t  forms the basal unit 
of the middle member, and overlies the less-resista n t strata of the 
lower member# I ts  occurrence i s  lim ited to  the south end of the study 
area$ i t  changes progressively northward to  the P elle ta l Rock Type,
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M illere llid -B rach io p o d -G rin o id  Rock Type
A. Endothyrid fo ram in ife rs
B. Brachiopod fragm ents
M ille re llid -B rach io p o d -C rin o id  Rock Type 
Figure U
•which in  tu rn  passes northward t© th e  Mat A lgal R©ek Type® The m atrix  
i s  churned and th e  f o s s i l s  fragmented* except a t  se c tio n  #15* where i t  
i s  a packed m ille re ll id *  strophomenid brachiopod m ic r i te .
Emrironmental in te rp r e ta t io n ® The environment ©f d eposition  
fo r  t h i s  reck  type i s  in te rp re te d  t© be th e  same as  th e  preceding 
rock  ty p e . The presence ©f m i l le re l l id s  and th e  occurrence of th e  
brachiopod r ic h  u n it  a t  s e c tio n  #15 perhaps in d ic a te s  a b u rs t ©f 
p ro d u c tiv ity  fo r  a sh o rt tim e during  a transgressiv©  phase.
BLACK MICRITE ROCK TYPE
The Amsden Formation rocks in  th e  study  a rea  con ta in  a 
v a r ie ty  ©f gray weathering* b lack  lim estones th a t  a re  readily- 
id e n tif ie d  in  th e  f i e ld  by th e i r  b lack  color on th e  f re s h  su rface . 
W ithin t h i s  rock  type* th re e  d i s t in c t  subtypes have been id e n tif ie d  
and a re  d iscussed  below.
Pr©duct-id-Bry©z ©an° Crin©id Subtype
This subtype i s  id e n t i f ie d  by i t s  very  b lack  co lo r on the  
fre sh  surface* and th e  presence in .la rg e  numbers of p roductid  brachi©- 
pods* fe n e s tra te  bryozoans* and c rin o id  fragm ents (Figure 5)» Other 
f o s s i l s  include echinoid  fragments* neotrem ate brachiopod fragments* 
en c ru stin g  foram in ifers*  and sp in es . S ca tte red  phosphatic fragm ents 
ar© common* but minor. At sec tio n s  #1 and #2* th i s  subtype i s  com­
posed o f 3 :} -  6 8J beds* in terbedded w ith f i s s i l e *  black* calcareous 
sh a le . F o ss ils  a re  w ell preserved! brachiopods and bryozoans a re
15
Product id-Bryozoan-Or in o id  Subtype - Black M icrite  Rock Type
Figure $
M ille re llid -P ro d u c tid  Rock Type 
F igure 6
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•whole,, w ith many bryozoans draped across  product id  brachiopod s h e lls  . 
Neotremate brachiopod s h e lls  a re  abundant, p a r t ic u la r ly  in  th e  in te r -  
bedded shale* At sec tio n s  #1 and #2, th ese  rocks a re  ov erla in  .by th e  
G astropod-Plant Fragment Subtype of th e  S i l t y  M erit©  Hock Type* At 
sec tio n  #2, t h i s  subtype appears to  be grading l a t e r a l ly  in to  th e  
S i l ty  M erit©  Rock Type*
In  th© south p a rt of th e  study a re a , no tab ly  a t  sec tio n s  #7 
through # lli5 rocks of t h i s  subtyp© form a m assive, r e s is ta n t ' outcrop 
8* -  12* th ic k ,  composed of beds 1* - 3 *  th ic k  (Figure 3 ) .  In  th ese  
s e c tio n s , th e  m atrix  i s  churned, w ith a l l  f o s s i l s  fragm ented, except 
productid  brachiopods. In  th© south , t h i s  subtyp© i s  d ire c t ly  over­
la in  by th e  P e l le ta l  Rock Types a t  se c tio n  #15 th i s  subtype i s  
absent*
A ll  rocks o f t h i s  subtype con tain  nodules and s tr in g e rs  of 
b lack  c h e r t, which stand  out prom inently ag a in s t th© l ig h t  gray- 
w eathering beds.
Environm ental in te rp r e ta t io n . In  both  th e  no rthern  and 
southern p a r ts  of th e  study a re a , t h i s  subtype con tains abundant 
marine f o s s i l s ,  in d ic a tin g  a marine environment of d ep o sitio n .
In  th e  n o rth , th e  r e la t io n s h ip  of t h i s  subtype w ith th e  over­
ly in g  G astropod-Plant Fragment Subtype and th e  underly ing  calcareous 
sha le  in d ic a te s  th a t  th© most probable d e p o s itio n a l environment i s  a 
marine lagoon or a r e s t r i c te d  bay. The p re se rv a tio n  of bryozoan 
fronds and th e  in terbedded n a tu re  of th e s e .rocks w ith Shale Rock Type 
in d ic a te  q u ie t water w ith p e rio d ic  gen tle  f lu c tu a tio n s  in  sea le v e l ,
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■which is  consistent with the above interpretation,,
In the south, th is  subtype i s  overlain by p e lle ta l  rocks, 
interpreted to  be subtidal to  in te r t id a l. An a ctiv e  infauna, 
burrowing and churning the sediment fragmented the f o s s i l s  and d is ­
rupted the o r ig in a l bedding. The normal marine f o s s i l  assemblage 
and the rela tion sh ip  of th is  subtype to  subtidal or in te r tid a l marine 
sediments suggests that in  the south part of the study area, these  
rocks were deposited in  an open marine environment, seaward from the 
P e lle ta l Rock Type. The dark color suggests r e s tr ic t io n  below the 
in ter fa ce , possib ly  due to  a topographic depression on the marine sea 
bottom.
Dark Fragmental Subtype
This subtype i s  identified  by the black color of the fresh  
surface, fe t id  odor, thin bedding (V  - 3")* and a varied fauna 
dominated by encrusting foraminifers and a variety of d ifferent 
brachiopods (Figure 7). Rocks of th is  subtype are exclusively  
recessive, ligh t gray weathering beds with small nodules and thin  
stringers of black chert standing in  r e l ie f  on the weathered surface.
The faunal constituents vary markedly from bed to  bed, and 
from measured section  to  measured sec tio n . Present are r o s tr o sp ir i-  
fer id  and orthid brachiopods, crinoid and echinoid fragments, phos- 
phatic fragments, foram -algal consortiums, neotremate brachiopod 
caps, and gastropods. In some beds, faunal constituents con sist  
ex c lu siv e ly  o f f in e  fragmented hashj in  others, f o s s i l s  are whole,
Dark Fragm ental M ic rite  Subtype 
Black M icrite  Rock Tyne
Dark Fragm ental M icrite  Subtype 
Black M icrite  Rock Type 
A p te r in e llid  fo ram in ife rs  and brachiopod fragm ents
Figure 7
1?
p rim arily  th e  brachiopods.
Rocks of t h i s  subtype commonly a re  lam inated w ith s tre a k s  ©f 
l ig h t  ta n  m ic rite  or have spo ts of l ig h t  ta n  m ic rite  on th e  upper 
su rfaces  o f in d iv id u a l beds. Near th e  to p  of th e  rock  type u n it ,  
t h i s  tendency becomes more pronounced, so th a t  lam inations ©f l ig h t  
ta n  m ic rite  a re  in te rsp e rse d  w ith th e  b lack . In  c e r ta in  p laces , th e  
l ig h t  ta n  m ic rite  dominates a t  the  to p  of th e  rock type u n it  where i t  
resem bles th e  S i l ty  M icrite  Rock Type, suggesting  a c lose  a f f in i ty .
Rocks of t h i s  subtype a re  r ic h  in  organic m atte r, and o ften  
con ta in  clay or s i l t .
Environm ental in te rp r e ta t io n . The brachiopods, c rin o id s  and 
echinoids in d ic a te  th a t  d ep o s itio n  was in  a marine environment. The 
general a sso c ia tio n  of encrusted  fragm ents, fo ram -alg a l consortium s, 
o rg an ic -rich  sediment and th in ly  bedded sp a rse ly  fo s s i l i f e ro u s  u n its  
suggests a q u ie t w ater, r e s t r i c te d  marine environm ent| th e  dark color 
and f e t id  odor i s  a t t r ib u te d  to  reducing  conditions below th e  sedim ent- 
w ater in te r f a c e .  The laminae and spo ts of l ig h t  ta n  m ic rite  near the  
to p  of beds r e f le c t  a th in ,  re c u rre n t zone of ox idation  a t  the s e d i­
ment w ater in te r f a c e .
The abrup t changes in  fauna v e r t ic a l ly  and l a t e r a l ly  in  th ese  
rocks suggests f lu c tu a tin g  environm ental co n d itio n s, probably re la te d  
to  minor sea  le v e l  changes or c u rren ts .
Along the  west coast of th e  United S ta te s ,  th e  w rite r  has 
observed b lack  organic mud in  th e  i n t e r t i d a l  zone th a t  grades shore­
ward in to  l ig h te r  colored s u p ra tid a l  mud. The uppermost su rface  of
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th e  b lack  mud i s  ©xidized. These re c en t sedim ents a re  comparable to  
t h i s  subtype, and suggest th a t  th e  Dark Fragmental Subtype was de­
p osited  in  th e  i n t e r t i d a l  and s l ig h t ly  s u b tid a l zones.
lam inated S p ic u l i t ic  Subtype
This subtype i s  lim ite d  to  th e  n o rth  end of th e  study a re a , 
and re p re se n ts  the  rocks of th e  lower member in  th a t  p a r t  of the  
a re a . These rocks a re  -very th in  bedded ( 1/16" -  3 ” ) ,  re c e ss iv e , 
gray w eathering, shaly  lim estone, g en era lly  very  dark gray to  b lack  
on th e  fre sh  su rfa c e , w ith s tr in g e r s  and nodules of b lack  ch e r t.
Bedding su rfaces  u su a lly  con tain  s il ic e o u s  sponge sp ic u le s . On th e  
f re s h  su rface , th e se  rocks commonly have l ig h t  ta n , s i l t y  lam inations. 
F o ss ils  a re  sparse  and a re  lim ited  to  f in e ly  broken brachiopod and 
c rin o id  fragm ents. Near th e  to p  o f th e  lower member, gastropods a re  
p re sen t, th e  rocks a re  burrowed, and th e  amount of brachiopod and 
c rin o id  m a te r ia l in c reases  s l ig h t ly .  Near th e  to p  of th e  lower member 
a t  sec tio n  # 1 , rocks d i r e c t ly  above t h i s  subtype a re  cut by a channel 
f i l l e d  with sedim ents of the M L llere llid -P ro d u ctid  Rock Type (Figure 8 ) .
Environm ental in te rp r e ta t io n . The s c a rc ity  of f o s s i l s  c rea te s  
some d i f f i c u l ty  in  e s ta b lis h in g  th e  most probable environment of de­
p o s itio n . Gastropods near th e  to p  of th e  lower member, although 
lim ited  in  occurrence, suggest a shallow  water environment. ‘The 
undisturbed  s i l t y  laminae through much of t h i s  subtype and th e  f in e  
s iz e  o f fragm ents r e f l e c t  q u ie t water c h a ra c te r is t ic s .  The s l ig h t  
upward in c rease  in  the  s iz e  and d iv e r s i ty  of f o s s i l s ,  to g e th e r w ith
RELATIONSHIP BETWEEN CHANNEL 
AND CHANNEL MARGIN, SECTION IA
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th e  channel of normal marine carbonate p resen t in  th e  upper p a rt of 
th e  lower member, in d ic a te s  very  shallow  w ater sed im entation , w ith 
a very  gradual inundation  by marine w aters near th e  to p  o f ‘th e  lower 
member* This subtype c o r re la te s  southward with rocks of th e  lower 
member in  se c tio n  #8 -  # l£ , belonging to  th e  P e l le ta l ,  Mat A lgal and 
M ille re llid -B rach iopod-C rino id  Rock Types, which a re  in te rp re te d  to  
rep re sen t i n t e r t i d a l  and s u b tid a l  sedim entation* This c o r re la tio n , 
in  combination with th e  suggested shallow  water fe a tu re s ,  in d ic a te s  
th a t  th e  lam inated S p ic u l i t ic  Subtype re p re se n ts  d ep o s itio n  in  or 
above th e  i n t e r t i d a l  zone* The g en era l lack  of f o s s i l s  in  th e  lower 
p a r t and th e  lack  of burrowing i s  in d ic a tiv e  ©f an environment no t 
conducive to  normal marine b io lo g ic a l  p rocessesj therefor© , th e  author 
b e liev es  th a t  t h i s  subtype re p re se n ts  predom inantly s u p ra tid a l  se d i­
m entation, and in  cases where f o s s i l s  and burrowing a re  p re sen t, may 
have ranged in to  th e  i n t e r t i d a l  zone*
PELLETAL ROCK TIRE
The P e l le ta l  Rock Type i s  id e n t i f ie d  in  th e  f i e ld  by th e  
reddish-brow n w eathering co lor and by th e  abundant ostracod  t e s t s  in  
gray or ta n  m icrite*  These rocks g en era lly  weather to  s l ig h t ly  
re c e ss iv e  beds, l w -  3" th ick*  Chert i s  rare*
M icroscopically , th e  P e l le ta l  Rock Type i s  composed of p e l l e ta l  
lime mud in  a sp arry  c a lc i te  m atrix  (F igures 9 and 10), or of m ic rite  
formed by compacted p e l le t s .  A r tic u la te d  and d is a r t ic u la te d  ostracod 
t e s t s  a re  c h a ra c te r is t ic  and a re  conponly f i l l e d  w ith sp a rry  c a lc i te
23
P e l le ta l  Rock Type
P e lle ta l  Rock Type
Figure 9
P e l le ta l  Rock Type 
A0 P e l le ts
Bo Spar f i l l e d  ostracode
P e lle ta l  Rock Type
Figure 10
25
or cellophane* Other f o s s i l s  include fragm ents ©f crinoids* 
brachiopods, and ech ino ids, and en c ru stin g  foram inifers»- These 
rocks a re  ex ten s iv e ly  burrowed. Mat a lgae  a re  very common, and 
a re ' c lo se ly  r e la te d  to  th e  P e l le ta l  Rock Type* Some beds of 
p e l l e t a l  mud a re  capped by th e  l&t Algae* Other beds contain  
in t r a c la s t s  of mat a lg ae . In  a d d itio n  to  mat a lgae in t r a c la s t s ,  
th e re  a re  in t r a c la s t s  of p e l l e t a l  m ic rite  and s i l t y  m ic r ite . Sand­
s ized  quartz  g ra in s  a re  common and c o n s titu te  from 1 to  h®%> of th e  
rock .
u n d e rlie  e i th e r  mat a lg ae , s i l t y  m ic r ite ,  or sandstones they  a re  
a lso  a sso c ia ted  w ith th e  Brachiopod-Crinoid Churned M icrite  Rock 
Type, and occasio n a lly  pass l a t e r a l ly  in to  th e  Carbonate Sand Rock 
Type. These re la t io n s h ip s ,  to g e th e r w ith th e  g en era lly  low fau n a l 
d iv e r s i ty ,  in d ic a te  th a t  th e  P e l l e t a l  Rock Type probably re p re se n ts  
shallow  marine d ep o sitio n , rang ing  from th e  su b tid a l to  su p ra tid a l  
environm ents, w ith emphasis on th e  i n t e r t i d a l  zone. The composition 
of th e  in t r a c la s t s  in d ic a te s  th a t  i t  i s  an ad jacen t dep o sit to  th e  
M&t A lgal and S i l ty  M icrite  Rock Types.
This subtype i s  s im ila r  in  appearance to  th e  P e l le ta l  Rock 
Type, but d i f f e r s  in  con ta in ing  abnorm ally la rg e  ostracod fragm ents 
packed c lo se ly  to g e th e r (F igure 11). Crinoid and brachiopod f ra g ­
ments, s u p e r f ic ia l  o o l i te s ,  phy llo id  a lg a l  fragm ents, i n t r a c la s t s ,
Environm ental in te r p r e ta t io n . P e l le ta l  rocks commonly
Ostracod
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Ostracod Fragmental Subtype 
P e l le ta l  Rock Type
Figure 11
and u n id e n tif ia b le  broken fragm ents occur in  vary ing  amounts. Quartz 
sand g ra in s a re  very  common* forming a c o n s is te n tly  h igher percentage 
than  in  the  p e l le ta l  rock  type in  genera l.
Environmental in te rp re ta tio n *  This subtype i s  in te rp re te d  
to  be a r e s u l t  of a h igher energy environment than  th e  parent rock 
types i t  may re p re se n t lo c a l  zones of -wave swash, or i t  may rep re sen t 
remnant d ep o sits  on prograding su rfaces  in  the  i n t e r t i d a l  zone, 
caused by sea le v e l  f lu c tu a tio n s .
MAT ALGAL BIQLITHITE ROCK TYPE
Overlying both  th e  P e l le ta l  Rock Type and th e  Sand Rock 
Type, and o ften  underly ing  th e  Sand Rock Type i s  a lam inated , th in ly  
bedded, sp a rry , red d ish  brown w eathering u n it  formed by mats of 
b lue-green  algae (F igure 12). A rtic u la te d  ostracod carapaces a re  
abundant in  t h i s  rock  type and a re  u su a lly  bound by a lg a l  th read s  
passing  around them. Quartz sand g ra ins and m ic rite  in t r a c la s t s  a re  
o ften  p resen t and a lso  a re  bound by th e  a lg ae . The mats e x h ib it 
mud cracks, so ft-sed im ent deform ation, and b ird s-ay e  s tru c tu re .  The 
l a t t e r  co n s is t o f round, s p a r - f i l le d  ho les formed by gas bubbles 
(Shinn, 1968). S oft sediment deform ation i s  ev iden t from p a r t ia l ly  
to rn  up a lg a l  in t r a c la s t s ,  red ep o sited  and bound by a lg a e , and by 
con torted  bedding p lanes. Mudcracks a re  only lo c a l ly  developed.
Environm ental in te rp r e ta t io n , Although b lu e rgreen algae  can 
e x is t  in  a v a r ie ty  of environm ents, th ey  most commonly form mats in
Mat A lgal B io l i th i te  Rock Type 
(Note ostracod and "birds-eye'® te x tu re )
F igure 12
A lgal P la te  Bios par i t  e Rock Type 
M icrite  coated Ivanovia? b lades
Figure 13
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th e  i n t e r t i d a l  zone. Wolf, (1965), l im its  th e i r  probable range from 
th e  i n t e r t i d a l  zone to  a depth not g re a te r  than  20 f e e t .  The te x ­
tu r a l  c h a ra c te r is t ic s  c ite d  above, taken  to g e th e r w ith th e  s t r a t i -  
graphic p o s itio n  of th e  a lg a l  m ats, in d ic a te s  th a t  in  th e  study area 
th e  mats rep re sen t i n t e r t i d a l  to  s u p ra tid a l d e p o s its ,
ALGAL PLATE BIQSPARITE ROCK TYPE
This rock type i s  recognized by sign ifican t amounts of 
phylloid a lga l plates (Figure 13), (Pray & Wray, 1963), that closely  
compare to  the genus Ivanovia. R ecrystallization has obliterated the 
internal organic structures, thus precluding positive id en tifica tion . 
The outlines have been preserved by, micrite coatings, and encrusta­
tions by blue green algae and sedentary foraminifers. Assignment to  
the phylloid algae i s  based on comparison with known phylloid algae 
in other studies.
This rock type i s  d if f ic u lt  to  identify  in  the f ie ld ;  i t  
forms a resistan t gray weathering bed about one foot thick.
Environm ental in te rp r e ta t io n * Pray and Wray (1963), conclude 
th a t  phy llo id  a lgae  m aintained an u p rig h t p o s itio n  and occurred in  
shallow  marine environments le s s  than  $0 f e e t  deep, bu t below c r i t i c a l  
wave base. In  th e  study area  t h i s  rock type occurs only a t  one 
lo c a l i ty  "within th e  Dark Fragmental Subtype of th e  Black M icrite  
Subtype. At t h i s  lo c a l i ty  i t  i s  in te rp re te d  to  re p re se n t a patch 
or a clump of phy llo id  algae  w ith in , or s l ig h t ly  seaward, from the  
i n t e r t i d a l  zone. I t  i s  included here as a rock  type because the
30
Carbonate Sand and Carbonate Bank Rock Types contain  fragm ents 
s im ila r  t© p h y llo id  a lg ae , in d ic a tin g  th a t  phy llo id  alga© may have 
been q u ite  widespread in  th e  Amsden Sea. I t  may be more abundant 
in  ad jacen t a re a s .
CARBONATE SAND ROCK TIRE
This rock type i s  composed o f phy llo id  a lg a l  fragm ents and 
a lg a l  p la te s  of u n ce rta in  a f f i n i t y ,  brachiopod, bryozoan, and 
©chin©id fragm ents, s u p e r f ic ia l  o o lith s  and la rg e  in t r a c la s t s  
(Figure lU ). Most allochems have been rounded and a re  cemented by 
sp arry  c a lc i te .  O verall s o r t in g  i s  good w ith most indigenous f in e r  
f ra c t io n s  winnowed from th e  sit©  of d e p o s itio n . Most allochem s a re  
coated by m ic rite  or seden tary  fo ra m in ife rs . I n tr a c la s ts  a re  composed 
of la rg e  rounded fragm ents of b lue green a lgae  or u n fo ss ilife ro u s  
m ic r i te .  Quartz sand g ra ins a re  common, c o n s titu tin g  up to  $0% of 
th e  rock  lo c a l ly .  This rock type i s  o v erla in  e i th e r  by th e  Sand Rock 
Type or by th e  Blue Green A lgal Rock Type, and may pass l a t e r a l ly  to  
th e  P e l le ta l  Rock Type. I t  g en era lly  forms a gray-w eathering 
r e s i s ta n t  bed 1 * -  2 * th ic k .
Environm ental in te rp r e ta t io n .  These rocks a re  in te rp re te d  
to  r e s u l t  from a high energy shallow  marine environment th a t  was 
capable of rounding and coating  th e  v ario u s  allochems and winnowing 
f in e r  f ra c t io n s .  The high p roportion  of rounded a lg a l  fragm ents 
in d ic a te s  th a t  an im portant source.was a lg a l  patches and shoals in  th e
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Carbonate Sand Rock Type
Carbonate Sand Rock Type 
Algal plates* lumps* pellets* in traclasts and 
f o s s i l  fragments in sparry matrix.
Figure Hi
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Amsden Sea. During periods in  which c r i t i c a l  -wave base dropped, 
organisms and sediment were to rn  up and spread acro ss  th e  shallow  
sea bottom. B a ll (1^67) re p o rts  s im ila r  sediment in  F lo rid a  and the  
Bahamas, where i t  i s  confined to  th e  i n t e r t i d a l  zone, in  channel 
d e p o s its , t i d a l  b a rs ,  and as sheet d e p o s its .
CARBCNATE BANK ROCK TYPE
This rock type occurs only a t  sec tio n  #85 southward, i t  
passes ab ru p tly  to  th e  Dark Fragmental Subtype of th e  Black M icrite  
Rock Type a t  sec tio n s  #9 and #10. N orthern l im i ts  cannot be d e te r ­
mined due to  incom plete exposures.
This rock type i s  composed of yellowish-brown micrite 
containing rostrosp iriferid  brachiopods, phylloid a lga l fragments, 
gastropods, fragments of crinoids, echinoids, and brachiopods, 
encrusting foraminifers, and numerous large in traclasts (Figure 15). 
Allochems are commonly coated by m icrite or sedentary foraminifers. 
Bryozoan fragments are present but form a minor part of the faunal 
assemblage. Rostrospiriferid brachiopods are the only unfragmented 
brachiopod^ most others are fragmented, and the matrix i s  commonly 
churned. The in traclasts are from the Black Micrite Rock Type.
These rocks form a r e s i s ta n t  s e r ie s  of beds 6 n -  18w th ic k .  They 
weather to  brow nish-yellow , w ith brown chert nodules and s i l i c i f i e d  
r o s t r o s p i r i f e r id  brachiopods s tand ing  on r e l i e f  on th e  weathered 
su rface .
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CARBCNATE BANK ROCK TYPE 
A„ A lgal coated brachiopod fragm ents ftndothyrid fo ram in ife rs  
Go Echinoid fragments Do Coated a lg a l  p la te s  E. Fine q uartz  sand 
grainso
CARBCNATE BANK ROCK TYPE 
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Figure 1£
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Environm ental in te rp r e ta t io n . This rock  type contains a 
fauna 1 assemblage q u ite  s im ila r  to  th a t  of th e  Dark Fragmental Sub- 
type in  sec tio n s  #9  and # 10, bu t d i f f e r s  in  co lo r, th ick n ess of 
bedding, and i t s  abundant i n t r a c la s t s .  The la rg e  in t r a c la s t s  
suggest th a t  the  sedim ents forming t h i s  rock  type were freq u en tly  
exposed to  high energy cond itions th a t  to re  up clumps of sediment 
and red ep o sited  them.
The abrup t l a t e r a l  change from th e  l ig h t  co lored , in t r a -  
c la s t i c  sedim ents of th i s  rock type to  th e  dark co lored , q u ie t water 
sediments of th e  Dark Fragmental Subtype suggests th a t  the  Carbonate 
Bank Rock Type was deposited  as a lo c a l  fe a tu re  th a t  stood in  s l ig h t  
r e l i e f  over surrounding sedim ents„ I t  i s  in te rp re te d  to  be a mound 
or bank, growing p a r t ly  through organic p rocesses, and p a r tly  by 
accum ulation of tra n sp o rte d  sedim ents.
SILTI MEGRITE-SILTSTCNE ROCK TIRE
This rock  type ranges from approxim ately 3$ s i l t ,  97$ m ic rite  
to  90$ s i l t ,  10$ m ic r i te . S i l ts to n e  forms only a minor percentage.
These rocks form th in  bedded, re c e s s iv e , gray, or yellow ish  
to  brow nish-yellow  ou tcrops. Marine f o s s i l s  occur in  th e  S i l ty  
M icrite  l i th o lo g y  and decrease as th e  rocks become more s i l t y .
F o ss ils  include o s traco d s , c r in o id , echinoid  and brachiopod fragm ents, 
ap fcerin e llid  fo ra m in ife rs , a lg a l  fragm ents, and very  th in  sp arry  s h e l l  
fragm ents th a t  may be pelecypods. P lan t fragm ents, carbonaceous 
m a te r ia l, and gastropods a re  lo c a l ly  p re se n t. F o s s i l  fragm ents a re
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generally* very  small*
These rocks o fte n  e x h ib it f in e  lam inations of sp a rry  c a lc i te  
and m icrite*  Madcracks a re  lo c a l ly  developed! narrow, v-shaped 
channels cut in to  beds 3 M -  h" ac ro ss  and £ ” - deep occur in  th i s
rock  type a t  sec tio n  # 8, and a re  f i l l e d  w ith in t r a c la s t i c  m ic r ite .  
These rocks a re  lo c a l ly  dolarr&tized in  many of the  s e c tio n s . Although 
d o lo m itiza tio n  i s  i r r e g u la r ,  i t  in c reases  in  th e  no rthern  sections*
In  sec tio n s  #1 through # 6 , th i s  rock type i s  predom inantly dolom itized 
s i l t y  m ic r ite .
This rock  type g en era lly  occurs in  th e  upper member in  
sec tio n s  #7  through # 15, while in  th e  n o rth  p a rt of th e  study area  
in  sec tio n s  #1  through # 6 , i t  occurs lower in  th e  s e c tio n , beginning 
in  th e  lower p a r t of th e  middle member.
Environm ental in te rp r e ta t io n .  S i l ty  m ic rite s  probably 
rep re sen t d eposition  in  a v a r ie ty  of environments ranging  from th e  
s u b tid a l a rea  to  th e  s u p ra tid a l  zone, in c lu d in g  t i d a l  poo ls, lagoons, 
and marine marshes. The shallow  water fe a tu re s  such as channels and 
mudcracks, to g e th e r w ith th e  f in e  s iz e  of marine f o s s i l  fragm ents and 
f in e  g ra in  s iz e ,  in d ic a te s  th a t  they  were deposited  predom inantly in  
q u ie t i n t e r t i d a l  a re a s . The sm all, almost dwarfed fauna possib ly  
in d ic a te s  a b rack ish  in flu en c e .
The s i l t s to n e s  do not con tain  d iag n o stic  fe a tu re s !  but when 
s i l t s to n e  i s  p re sen t, i t  i s  u su a lly  a sso c ia ted  w ith s i l t y  m ic rite  
and i s  thus in te rp re te d  to  rep re sen t s im ila r  environm ental co nd itions.
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D olom itization  in  th e  south  p a rt of th e  study a rea  i s  lo c a l  and thus 
probably la te  d ia g en e tic . In  th e  n o rth , however, d o lo m itiza tio n  i s  
more widespread and may rep resen t e a r ly  d ia g en e tic  d o lo m itiza tio n .
The in crease  in  c la s t ic  m a te r ia l northward and i t s  occurrence 
lower in  th e  form ation to  th e  n o rth  in d ic a te s  th a t  th e  source fo r  th e  
c la s t ic  m a te r ia l in  t h i s  rock type was s itu a te d  no rth  of th e  study 
a rea .
G astropod-Plant Fragment Subtype
In  sec tio n s  #1 and #2, d i r e c t ly  above th e  Productid-Bryozoan« 
Grinoid Subtype of th e  Black M icrite  Rock Type, i s  a re c e ss iv e , very  
th in ly  bedded, ye llow ish-g ray  w eathering s i l t y  m ic r i te ,  con tain ing  
p lan t fragm ents and gastropods. This i s  a good Paleozoic example of 
an e c o lo g ica l r e la t io n s h ip  observed w idely in  th e  rec en t environment. 
In  re c en t sediments t h i s  r e la t io n s h ip  between gastropods and p lan t 
fragm ents i s  most common in  marine marshes and t id e la n d s . At sec tio n  
#1 , t h i s  subtype i s  in te rp re te d  to  re p re se n t i n f i l l i n g  of a lagoon 
or r e s t r i c te d  bays i t s  r e la t io n s h ip  to  th e  underly ing  Black M icrite  
Rock Type and sh a le s  i s  c o n s is te n t w ith t h i s  in te rp re ta t io n .
SAND ROCK TYFE
This rock type includes a l l  rocks in  which 50$ of th e  con­
s t i tu e n ts  a re  sand s ized  c la s t i c  quartz  g ra in s , or which have a 
dominant sandstone a sp e c t. Four d i s t in c t  types of sand bodies a re  
p resen t in  th e  Amsden Formation, as  follow ss
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1. Thin, commonly in tra c la stic , lo ca lly  occurring sand­
stone beds, generally le s s  than one foot thick.
2. Thin bedded ( l n - 3") sandstone units ranging from 
3* - 7 f in thickness. Small scale ripple cross beds 
represent the only observable sedimentary structures.
This type occurs only in sections #8 through #lU.
3. Near the top of the Amsden Formation in sections #8 
through # l£  i s  a thin to  medium bedded ( l n -  2Un), very 
w ell cross-laminated sandstone unit ranging in thickness 
from 7f - 15* (Figures IS and 17).
U. In the north end of the study area, (sections #6 - #1), 
two sandstone units are channeled into underlying 
carbonates (Figures 18 and 19). One of these units 
contains festoon cross-strata.
For purposes of discussion, these four var ie ties are named 
Subtype I , I I , I I I , and I?, respectively .
Mineralogy
The mineralogy of the sandstones i s  consistent from subtype 
to  subtype| hence mineralogy of the subtypes w ill  be treated together. 
The reader i s  referred to  the measured sections in Plates 5 -  19 for  
detailed mineralogic descriptions of each subfacies. Quartz grains 
constitute 60 - 75# of the rock and represent the dominant mineralogy; 
associated grains include minor amounts of d e tr ita l chert, zircon,
Figure 
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tourm aline, leucoxene, f o s s i l  fragm ents, and carbonate i n t r a c la s t s .  
Feldspar i s  conspicuous by i t s  absence*
Quartz: Roughly 70$ of th e  quartz  g rains possess s tr a ig h t
or s l ig h t ly  undulose e x tin c tio n . Composite quartz  and ve in  quartz 
(Folk, 1961) c o n s ti tu te  about 10$ each. The rem aining 10$ occurs as 
p a r t ia l  s i l i c a  overgrowths around g ra in s . Grains vary  from round to  
angu lar, and range from medium s i l t  to  medium sand s iz e .
Heavy M inerals: Heavy m inerals c o n s titu te  le s s  th an  1$ of
any sandstone sample. Z ircon , tourm aline , and leucoxene a re  most 
common5 hem atite  and m agnetite occur r a r e ly .  Grain s iz e  of th e  heavy 
m inerals average .08  -  .12  mm, near th e  average g ra in  s iz e  of th e  
quartz  g ra in s .
In tr a c la s ts s  I n t r a c la s t s  of sandy m ic r ite , u n fo s s ilife ro u s  
m ic r ite , p e lm ic rite , and a p te r in e l lid -b e a r in g  m ic rite  occur lo c a l ly ,  
u su a lly  near th e  base and to p  of th e  sandstone u n i ts .  The i n t r a ­
c la s ts  a re  angular and range from coarse sand to  pebble s iz e ,  thus 
they  a re  o ften  la rg e r  than  th e  average g ra in  s iz e  of th e  sample 
(Figure 20 ). I n tr a c la s t s  c o n s ti tu te  up to  15$ of th e  rock  lo c a l ly .
F o s s il  Fragments: F o s s i l  fragm ents occur only in  minor per­
centages. C rinoid , brachiopod, and ostracod  fragm ents, a lg a l  f r a g ­
ments, and sedentary  fo ram in ife rs  occur as  d e t r i tu s .
J& trix  and Cement: Subtypes I ,  H ,  and I I I  a re  carbonate
cemented, e i th e r  by dolom ite or c a lc i te .  The cement i s  f in e  grained 
and lo c a l ly  comprises up to  $0$ o f th e  rock . Some beds have a dolo­
m ite cement, o th ers  a c a lc i te  cement, s t i l l  o thers a re  cemented by
* \ 7 %
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both ca lc ite  and dolomite. The fact that there i s  no consistent 
pattern suggests that the orig inal cement was calcium carbonate that 
has been incompletely dolomitized.
Sand Subtype IV, which ex is ts  in only the north end of the 
area, i s  a lso  cemented by dolomite and c a lc ite , but a lso  contains 
considerable clay.
The partial s i l ic a  overgrowths that lo ca lly  comprise up to  
10$ of the quartz appear to  be reworked overgrowths from an older 
recycled sandstone, as evidenced by the following: (1) the over-
growths seldom completely surround single sand grains, (2) some 
overgrowths appear to  have been abraded, (3 ) in  rare instances, two 
partia lly  overgrown quartz grains are separated by a carbonate intra­
c la st, indicating that an overgrown quartz grain and an intraclast 
were deposited in grain and grain contact, and (U) i t  i s  lik e ly  that 
the f in est quartz fraction  represents overgrowths that have separated 
from a quartz sand grain (Figure 21).
Sedimentary Structures
Sand Subtype I . This subtype forms single beds l ^ s  than one 
foot thick, with no apparent s tr a tif ic a tio n . I t  commonly occurs in  
the middle and upper members in  the south end of the study area, and 
i s  devoid of sedimentary structures. I t usually sharply overlies  
shallow marine or in tertid a l carbonates.
Sand Subtype I I . This subtype i s  thin bedded, from 1" - 3”, 
and contains small cross beds up to  3 inches in height. Cross beds
bk
Sand Subtype II I  
Figure 21
Contact between Subtype III  Sand and overlying Mat Algal Rock Type
Figure 22
us
up to  U inches high occur lo ca lly . The top set beds rest on the 
beveled surface of the fore-set bed. Three dimensional faces of 
those cross-strata are generally not exposed in th is  subtype, thus 
precluding directional analysis.
Sand Subtype I I I . This subtype i s  -well cross bedded and is  
sim ilar to  the overlying Quadrant sandstone beds. Top set beds rest  
on the beveled surfaces of s lig h tly  concave fore-set beds (Figure 23); 
the fore-se t beds are tangential to  the bottom set beds (Figures 16 
and 23). The surfaces of the sand beds are lo ca lly  channeled and 
irregular, f i l le d  -with cut and f i l l  structures (Figure 23)* Gross 
strata of th is  subtype have two predominant d irectional components, 
based upon 20 measurements obtained from three lo c a l i t ie s .  These are, 
N38°W, 20° SW, and N78°W> 22° SW. Cross strata conform to  two size  
variations; the smaller set measures Ih inches along the inclined bed, 
and inches in  height; the larger set measures 27 inches along the 
inclined bed, and 9 inches in  height. These figures establish  a 
height-width rati© of Is3. Degree of inclination  of the cross strata  
averages 20°; they are commonly concave upward.
At two lo c a l i t ie s ,  symmetrical ripple marks are present near 
the top of the sand un it. Orientation of the long axes of these 
ripples i s  N30°W, conforming w ell with the N38°W orientation of 
certain cross-strata.
The upper few fee t becomes thicker bedded lo ca lly , ranging 
up to  three fe e t  thick. Evidence of burrowing and "worm tra ils"  
observed in the f ie ld  indicates that near the top of the unit
1*6
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original stra tif ica tio n  -was destroyed lo ca lly  by burr owing organisms. 
This subtype appears to  be conformable with underlying and overlying 
carbonate un its.
Sand Subtype IV. This subtype occurs only in  the northern 
part of the study area, where i t  forms channel deposits cut into  
underlying sediments. These sands may be overlain by the Carbonate 
Sand Rock Type, Mat Algal Rock Type, or the P e lle ta l Rock Type.
At sections #£> and #6, d irect evidence of channeling was 
observed in  two sand units (Figure 19). The lower sand exhibits w ell 
developed festoon cross-stra tifica tion  (McKee & Weir, 1953), (Figures 
18 - 19), while the upper sand i s  very th in ly  bedded, with minor 
festoon cross strata at th is  lo c a lity . At sections #£ and #6, these 
sands are deposited in channels cut into the P e lle ta l Rock Type. At 
section  #2, a sand unit equivalent to  the lower sand of sections #£ 
and #6 appears to  be deposited in a channel cut into the S ilty -  
M Lcrite-Siltstone Rock Type.
I t  i s  d if f ic u lt  to  determine i f  the sand was deposited 
contemporaneously with adjacent sediments, or i f  i t  was deposited in  
previously eroded channels. At section #£>, there i s  evidence of 
interbedding with adjacent p e lle ta l rocks; however, the p e lle ta l rocks 
may represent a levee and could have formed at any time. The writer 
concludes that the channels formed contemporaneously with adjacent 
sediments, primarily because of the consistent position of channel 
sands d irectly  above correllatable Carbonate Sand beds, indicating a 
sp ec ific  period of channel formation. Had the channels been cut in
U8
older sediments, downcutting would be irregular across the area and 
the base of the channels should not everywhere be lim ited to  a 
sp ec ific  le v e l. The lower contact of these sands i s  very intra- 
c la s tic , with in traclasts composed of p e lle ta l micrite or s i l t y  
m icrite.
The change upward from the th in ly  bedded, poorly cross­
laminated rocks of subtype II  to  the thicker bedded, w ell cross­
laminated rocks of subtype III  represents increasing energy con­
ditions at the s i t e  of deposition. In th in  section , however, there i s  
l i t t l e  apparent difference between the grain characteristics of these 
two subtypes. Mechanical grain analysis was performed on single  
samples of each subtype in an attempt to  bring out su b tleties not 
evident in thin section .
A single sample of subtype II  and a single sample of subtype 
III  were disaggregated with concentrated hydrochloric acid and 
seived, using a h £ pan in terval. Due to  the clay in  the cement in  
subtype IV and the ensuing d if f ic u lt ie s  in  disaggregating such a 
sample, th is  subtype was not analyzed by mechanical methods.
A single sample of a sand body is  not necessarily a true 
representation of the characteristics of the entire sand body.
However, in  the case of subtypes I I  and I I I , no important differences 
in  mineralogy, grain s iz e , or percentage of matrix: could be detected 
at the outcrop, in  rock slabs, or thin section , from any sample
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collected at any point in  either subtype. Both samples are from the 
middle of their  respective rock un its, collected  from the middle of 
a bed. Mechanical analysis did uncover some differences between the 
two samples, and the information i s  presented below.
Discussion. The sand sample of subtype II  has an average mean 
grain size  of 2.68 The curve i s  s lig h tly  leptokurtic (KG = 1.13) 
indicating that the central portion i s  better sorted than the t a i l s .  
Skewness value i s  +.203, or fin e ly  skewed. I f  th is  sample i s  re­
presentative, the combination of positive skewness and leptokurtism  
suggests exposure to  an e ff ic ie n t  sorting environment followed by 
transport to  a low energy depositional s ite  (Folk and Whs on, 1951).
The sand sample of subtype III  has an average mean 'grain 
size  of 2,9$ The curve i s  platykurtic, indicating that the t a i ls  
are better sorted than the central portion of the curve. Skewness 
value is  -.1108, or s lig h tly  coarse skewed. Overall sorting is  
better in subtype IH  (0j  = .399) than in subtype II  (Oj = .U75). 
Volumetrically, subtype II  contains a higher percentage of s i l t  size  
grains (3.23$ of sample) than does subtype i n  (.Ul$ of sample).
Grain roundness was estimated by comparing 100 grains from 
each \  & pan with Powers (1953) roundness sca le . Values from 0 
(very angular) to  6 (well rounded) were assigned to  the Powers grades, 
after  Folk (1961). The average gross value for subtype II  i s  angular $ 
average for subtype III  i s  subangular. P lotting roundness against 
grain size  in  subtype H I produces a trend with the larger grains more
5o
rounded and the smaller grains more subangular. The same analysis 
on subtype II  produces no trend5 most of the grains in  a l l  fractions  
f a l l  in  the angular c la ss. This i s  an important difference between 
the two subtypes| i t  indicates that the environment of deposition  
had some e ffec t on grain roundness in  the subtype III  sample, but 
no e ffec t on the sample of subtype II .
The combined data suggests that the sample of subtype II  
passed through an e ff ic ie n t  sorting environment and was deposited 
in a low energy environment by weak currents. Subtype III  i s  a 
product of the same transporting medium, but was deposited in  a 
higher energy environment that was capable of p artia lly  rounding 
the coarser grains and removing some of the finer grains from the 
population.
Environmental Interpretation. Sand Subtype IV. Field  
evidence at sections #$ and #6 indicates that these sands were de­
posited in  channels within shallow marine and in tertid a l carbonate 
sediments. Ball (1967) describes carbonate sand deposits in  Florida, 
deposited in  channels cut into in tertid a l and supratidal sediments, 
resu lting in a series of bars and channels. The channels are subject 
to  current v e lo c it ie s  that are su ffic ien t to  lo ca lly  transport and 
wash sediment but too weak to  carry sediment basinward.
This interpretation can be applied to  the channel deposits 
of th is  subtype. In th is  case, however, the channels contain quartz 
sand, which is  interpreted to  have been derived from a ter re str ia l
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sand body that existed outside of the study area, perhaps an eolian  
sand body. These channel sands occur lower in the formation than do 
subtypes II  and IIIj th is  observation, together with a northerly 
increase in the c la s t ic  nature of the S i lty “M icrite-Siltstone Rock 
Typ8, strongly indicate that the source area for these sands was 
north of the study area.
Sand Subtype I I I . This subtype occurs only in the south 
part of the study area in sections #8, #12, #13, #1U, and #15, and 
i s  apparently present but covered in sections #9 through #11. The 
discontinuous nature of the outcrops precluded direct f ie ld  exami­
nation to  support the above statement. However, th is  subtype 
appears very similar at each outcrop and i s  interpreted to  represent 
a single movement of sand over the south end of the area.
This subtype conformably overlies the Mat A lgal, P e lle ta l, 
S ilty  M icrite, and F ossiliferous Dolomite Rock Types, and i s  con­
formably overlain by Mat Algal and P e lle ta l rocks. This relation ­
ship to  predominantly in tertid a l sediments indicates that deposition  
was in shallow marine to  in tertid a l environments.
The dominant typs of cross-stra tifica tion  i s  unidirectional 
and planar (McKee & Weir, 1953) • Therefore th is  sand was probably 
not a f lu v ia l, channel, or eolian deposit, nor was i t  affected  
sign ifican tly  by d ifferen tia l t id a l currents such as in  marine 
passes or across bars.
The consistent indication that a shoreline of the Amsden Sea 
was very close to  the north end of the study area, together with
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unidirectional transport from the north, suggests that th is  subtype 
represents progradation over a low energy in tertid a l area* The 
nature and size  of cross-strata indicates that bed forms were sand 
waves, and that Sand Subtype III  was transported as megarippled sand 
sheets over the area.
Although direct evidence i s  lacking, I  believe that th is  
subtype may be the resu lt of a shallow marine fan, building seaward 
from the north, and fed by a distributary river mouth.
Sand Subtype I I . The low amplitude of ripple cross-strata  
and the finer grain size  of th is  subtype when compared to  subtype H I ,  
indicates that i t  represents a lower energy equivalent to  Sand Sub- 
type I I I . The sand i s  probably winnowed from the higher energy 
environment and deposited as rippled sand sheets in  the shallow 
marine environment or on an in tertid a l sand f la t .
Sand Subtype I . This subtype i s  interpreted to  represent 
isolated  patches of sand in a variety  of environments. I t s  occur­
rence at any lo c a lity  i s  perhaps due to  lo ca l conditions of topo­
graphy and energy conditions that caused the sand to  be accumulated 
in  one lo c a lity  rather than being dispersed and scattered throughout 
the environment.
ROCK TYPES OF SECTIONS 1 AND 2
Two previously discussed subtypes and two rock types occur 
only at sections #1 and #2 in the study area. These lith o log ies  
are separated for discussion because they strongly indicate that
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sections #1 and #2 existed as a depressed area in the supratidal 
environment that received periodic influxes of marine waters. The 
fact that these lith o lo g ies  do not occur immediately south of 
section #2 indicates that th is  depression was lim ited in  extent; i t  
probably represents a marine lagoon.
Previously discussed subtypes are: Product id-Bryozoan-
Crinoid Subtype of the Black Micrite Rock Type (northern variety), 
and the Gastropod-Plant Fragment Subtype of the S ilty  M icrite- 
Siltston e Rock Type. Both of these subtypes are interpreted to  be 
lagoonal in  origin . The following discussion deals with the two 
additional rock types present at one or both of these measured 
sections.
Shale Rock Type
This rock type i s  composed of recessive, f i s s i l e ,  cal­
careous black and green fo ss ilifero u s shales, occurring only in  
the v ic in ity  of sections #1 and #2, where i t  overlies Sand Subtype 
IV and underlies the Productid-Bryozoan-Crinoid Subtype. Obser­
vable f o s s i l s  consist of ostracods and tin y  bryozoan fronds (3g" in  
height).
Environmental interpretation. Although ostracods are not 
completely indicative of a marine environment, their  association  
with bryozoans indicates that the environment was marine. The 
predominance of clay in  the environment and the small s ize  of the 
bryozoans indicates very quiet water having restr icted  circulation
su
with marine waters that precluded development of a diverse and robust 
fauna. I t  i s  therefore interpreted that th is  rock type represents 
deposition in  a marine lagoon behind supratidal sediments| the lagoon 
was not d irectly  connected with marine waters, but was most lik e ly  
inundated by t id a l overflows during minor marine transgressions.
Millerellid■Productid Limestone Rock Type
This rock type occurs only in section  #1, where i t  weathers 
to  lig h t gray, resistant beds, 1* ■ 2* th ick . F ossils include 
productid, rostrosp iriferid  and sp ir ifer  brachiopods, m illere llid  
foram inifers, crinoid and echinoid fragments, and some encrusting 
foraminifers (Figure 6 ). The matrix i s  m icrite, often s lig h tly  
re crysta llized , with varying amounts of s i l t  and clay. Tan chert 
stands in r e l ie f  on the weathered surface.
These occur at three positions in  section #1 (Plate H ) .
The lower two beds do not ex is t  at section #2; the uppermost bed 
i s  d irectly  correllatable with a bed of the Carbonate Sand Rock Type 
at section #2. A ll three beds sharply overlie rocks of the S ilty  
Micrite Rock Type and laminated S p icu litic  Subtype of the Black Micrite 
Rock Type.
Environmental interpretation. The above mentioned fo s s i ls  
indicate that these rocks were deposited in a marine environment. 
However, underlying and overlying rocks are interpreted to  represent 
in ter tid a l to  supratidal deposition, creating an apparent discrepancy 
in  expected superposition of marine environments.
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The lowermost exposure i s  channeled into the underlying 
sediments and is  interpreted to  represent a t id a l channel cut into  
in tertid a l sediments during a marine incursion phase. Since i t  over­
l ie s  the lower member and contains m illere llid s , i t  can be related to  
the deposition of the Millerellid-Brachiopod-Crinoid Rock Type in  the 
south part of the study area. The upper two beds were not well 
enough exposed to determine the nature of the deposits re la tive  to  
underlying rocks. However, the very sharp boundaries at the upper 
and lower surfaces of these upper two beds indicates that they, too, 
probably represent either channels, or possibly lagoonal deposits 
formed during marine incursions.
Presence of m illere llid s  in  the upper most bed i s  le s s  
ea sily  explained than i t  was for the lower exposures. There are no 
units in any of the other measured sections that contain m illere llid s  
and that can be related to  th is  bed. I t  must be assumed, therefore, 
that i f  the upper beds are channels, that they are related to  a 
depositional environment not present in any of the sections measured.
Conclusions. These subtypes and rock types of section #1 
and #2 indicate marine sedimentation in sharp v ertica l association  
with in tertid a l and supratidal sediments. They are lim ited in their  
occurrence to  sections #1 and #2, and do not occur north of section  
#2. A ll four lith o lo g ies  are interpreted to  represent shallow marine 
sedimentation, as lagoonal or channel carbonate deposits.
The environment in  the v ic in ity  of sections #1 and #2 represents
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a depressed area in the in tertidal-supratidal environment into which 
shallow marine waters entered during periods of marine incursions* 
The disappearance of these lith o lo g ies  south of section #2 indicates 
that the depressed area terminates in  the v ic in ity , or a short d is ­
tance south, of section #2* At th is  position , particularly sections  
#3 and #U, the in terval i s  occupied by s ilts to n e  (dolomitic) which 
i s  interpreted to  represent supratidal sedimentation.
SAUDI FOSSILIFEROUS DOLOMICRITE ROCK TYRE
This rock type i s  lim ited to  the south part of the study 
area, where i t  often underlies either the Carbonate Sand Rock Type 
or Sand Subtype II  and III* Although principally a dolomite, the 
matrix grades la ter a lly  from clayey, s i l t y ,  or sandy dolomicrite to  
sandy m icrite. Dolomitization may be complete at one section, 
completely lacking in another, and at yet another dolomite may occur 
in irregular patches* For th is  reason, these rocks probably re­
present a clayey, s i l t y ,  or sandy m icrite that was subsequently 
dolomitized.
F ossils are predominantly s i l ic i f ie d  brachiopod and crinoid 
fragments, but may include minor amounts of ostracods, echinoid 
fragments, a lga l p lates, and encrusting foraminifers* Many beds are 
un fossiliferou s•
These rocks weather to  recessive, yellowish beds, 211 -  12" 
thick, ligh t brownish-gray to  yellowish-gray on the fresh surface. 
Exposures are generally poor.
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Environmental interpretation. The few fo s s i ls  preserved 
indicate that th is  rock type was deposited in  a marine environment.
No diagnostic indicators were found to establish  a sp ec ific  environ­
ment. Although poorly exposed, i t  i s  usually associated v ertica lly  
with two lith o lo g ies  that are interpreted to  represent shallow, near 
shore marine sedimentation. Therefore, i t  i s  interpreted to  represent 
deposition in the shallow open marine environment, s lig h tly  seai®rd 
from a beach or carbonate shoal, with sedimentation and faunal diver­
s ity  influenced by the incursion of fine terrigenous matter into the 
environment. The presence of fin e  grained e la s tic s  in  large amounts 
indicates that deposition probably occurred s lig h tly  below effectiv e  
wave base.
SUMMARY OF ROCK TYPES
The thirteen rock types and nine associated subtypes 
discussed above are representative of a l l  the exposed rocks in the 
study area.
Figure 2k l i s t s  the rock types, their  major indicated  
environment, and their  dominant positions in the study area. It  
may be seen from Figure 2k that there are changes in  dominance of 
rock types between sections #6 and # 7, and between sections #2 and 
#3. Rock types present in sections #7 through #1$  are predominantly 
open marine and in tertid a l sediments^ sections #3 through #6 have 
predominantly in tertid a l and supratidal sediments, while sections #1 
and #2 are predominantly lagoonal and in tertidal-supratidal.
ROCK TYPES, SUBTYPES 
VARIETIES
SOUTH MEASURED SECTIONS NORTH
IS  14 13 12 II 10 9  6  7  6  5  4 3  2  1
MAJOR, minor 
ENVIRONMENT
S a n d  S u b ty p e  iv  
" " III 
ll
tt U |
M illerellid  -  B ra ch to p o d  c r in o id  
C h u rn ed  B ra ch lo p o d -c rln o ld  
M ille re llid  -  P ro d u c tid  
B lacK  M icrite  
L a m in a te d  s p lc u i i t lc  
D a rk  F r a g m e n ta l  
P r o d u c t  I d - B r y o z o a n - c r ln o l d  
P e l l e t a l  
M at A lg a l 
c a r b o n a t e  B ank 
R o u n d ed  A lgal B io s p a r l t e  
C a r b o n a te  s a n d  
S i l ty  M ic r ite  
D olom ite  
S i l t s t o n e
INTERTIDAL, s u p ra tid a l  (ch an n els) 
SHALLOW MARINE 
SHALLOW MARINE
• V A K IETT
NORMAL MARINE
NORMAL MARINE, i n te r t id a l
l a g o o n ,  c h a n n e l ,  r e s t r ic te d  bey
SUPRATIDAL, i n t e r t i d a l  
IN T ER TID A L,  s u b t id a l  
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INTERTIDAL, s u p r a t id a l  
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INTERTIDAL, S U b tid a l 
IN TERTIO A L, s u p r a t id a l
SUPRATIDAL, I n te r t id a l  
ALL
IN T ER TIO A L , s u p r a t i d a l  
LAGOON, r e s t r ic te d  bay  
l a g o o n ,  r e s t r ic te d  b ay  
IN TERTID A L, s u b t id a l
G a s t r o p o d - P l a n t  F rag m e n t 
S h a le
s a n d y  F o e e i l l f e r o u s  D o lo m ic r i te
--------
COMPARATIVE OCCURRENCE 
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I t  i s  important to  note here the main d ifferen ces in  rock 
types between the north h a lf (P late II) and the south h a lf  (Plate I)  
of the study area. Between these areas a major change occurs in  
predominance and occurrence of rock types and subtypes. These changes 
and th e ir  sign ifican ce  are discussed below.
Lower Member
Rocks of the lower member change dramatically northward 
from a Jfet Algal-Pelletal-Brachiopod-Crinoid Churned Micrite Rock 
Type association in sections #7 through #15 to  the laminated Spicu- 
l i t i c  Subtype in sections #1 through #6.
M illerellid -B earing Rocks
The M illerellid-Brachiopod Rock Type of sections #7~ through 
#15 changes progressively northward to  the P e lle ta l Rock Type at 
section #U, then to  the Mat Algal Rock Type at section #3.
C lastic  Content
In sections #1 through #6, there i s  an increase in  e la s tic s  
in rocks of the middle member, notably in  the form of channel sands 
and s i l t y  dolomite. In sections #7 through #15, sandstones 
(excepting Sand Subtype I) are lim ited to  the upper member, and show 
evidence of ripple and megaripple simple cross-strata , and conform­
able association with marine in tertid a l sediments.
In general, the above considerations lead the author to  
conclude that three major environmental provinces, governed by paleo-
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slope topography* remained fa ir ly  stationary and affected Amsden 
sedimentation markedly. Sections #7 through #l£  existed primarily 
in the shallow open m arine-intertidal province5 sections #3 through 
#6 were primarily in the intertidal-supratidal province; sections 
#1 and #2 were depressed areas behind or within the supratidal pro­
vince* receiving sediment during transgressive periods or spring 
t id e s •
The increase in e la s tic s  northward and their occurrence 
lower in the stratigraphic column in  the north indicate that e la stic s  
moved from north to south across the area. This conclusion i s  
further supported by cross bedding directions in Sand Subtype I I I .
The direction of sand movement indicates that the immediate source 
was north of the study area.
Chapter U
DEPOSITIONAL HISTORY
By integrating the rock types into their stratigraphic 
framework, the depositional history of these rocks can be in ter­
preted, To fa c i l ita te  discussion of th is  h istory, the s tr a t i-  
graphic sections have been divided into intervals (Plates I and H ) .  
The boundaries of intervals may not necessarily represent true time 
surfaces. They do, however, represent sign ifican t vertica l changes 
in  depositional environment that can be generally correlated from 
section to  section .
To aid in the understanding of the depositional history, 
the reader is  referred to  Plates I and H , and Text-Figures 2$ 
through 28. The la tter  are plan views of my conception of general 
distribution of sediments during one or more stages in each in terval. 
It must be emphasized that these Text-Figures are general and con­
ceptual, and are presented as an aid to  v isu a lize  a possible d is ­
tribution of sediments during each in terval.
INTERVAL ONE
This in terv a l includes the rocks of the Lower Member.
During Interval One a thick sequence of the P e lle ta l and Ifet Algal 
Rock Types developed in  sections #7 through # l£ . Brief marine 
incursions occurred here during th is  in terval noted by the periodic
6 l
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appearance of the Churned Brachiopod Crinoid Micrite Rock Type 
(Figure 2£, 1),
In sections #1 through #6, the Laminated S p icu litic  Subtype 
of the Black Micrite Rock Type -was deposited in  an area interpreted 
as predominantly supratidal. This subtype i s  usually unfossiliferous, 
but b r ief appearances of crinoid, bryozoan, and brachiopod fragments 
indicate that th is  northern area 'was a lso  affected by periodic marine 
incursions.
Near the end of Interval One there -was a progressive but 
gradual marine incursion. This event i s  indicated by development of 
the Churned Brachiopod-Crinoid Micrite Rock Type in  the south part 
of the study area. In the north th is  gradual incursion apparently 
affected only section #1 where gastropods and marine f o s s i l  fragments 
appear in the Laminated S p icu litic  Subtype, followed by deposition of 
the MLllerellid-Productid Rock Type in a t id a l channel. Adjacent to  
the channel the S ilty  Micrite Rock Type i s  present and i s  interpreted 
to  represent sedimentation in the in tertid a l environment. In the 
other northern sections, notably sections #2 through # 6, the Laminated 
S p icu litic  Subtype apparently continued as the dominant sediment, 
indicating that th is  area remained supratidal during the la s t  phase 
of Interval One. I t  i s  lik e ly  that section #1 represents a topo­
graphically depressed area in the supratidal province, connected in  
some manner with the marine environment.
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INTERVAL TWO
This interval (Figure 2£, 2) records the culmination of the 
marine incursion that began in the preceding interval. At the 
beginning of Interval Two, the M illerellid “Brachiopod-Crinoid Micrite 
Rock Type developed rapidly across sections #? through #1£>, while in  
the north the Mat Algal Rock Type and the P e lle ta l Rock Type developed 
at sections #3 and #U, representing the in tertid a l zone. At section  
#1, th is  event i s  recorded by development of the M illereHid-Productid  
Micrite Rock Type in what i s  interpreted to  be either a t id a l channel 
or lagoon. Section #2, and sections #5 and #6 do not contain a record 
of th is  event; rocks occupying th is  in terval at these sections belong 
to  the Laminated S p icu litic  Subtype, indicating that these three 
sections either remained above sea lev e l during th is  in terval, or 
that the Laminated S p icu litic  Subtype continued to  be deposited 
during Interval Two.
INTERVAL THREE
At the beginning of Interval Three (Figure 2$, 3)> deposition  
of the m illere llid  bearing sediments of the preceding interval ceased 
abruptly, perhaps due to  rapid withdrawal of marine waters from the 
study area. At section #1, the base of th is  interval i s  marked by 
ten inches of burrowed clayey dolomite containing broken f o s s i l  frag­
ments, d irectly  overlying the M illerellid-Productid Micrite Rock Type. 
At section #U, the base of th is  in terval i s  occupied by the P e lle ta l
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Rock Type, •while at sections #10 and #11, part of the interval i s  
occupied by in tra c la stic , sandy and s i l t y ,  p e lle ta l micrite* At 
section #15, th is  interval i s  occupied partly by the P e lle ta l Rock 
Type with an upper bored surface, and partly by sandy, f o s s i l  hash 
zones. Since th is  in terval i s  poorly exposed, i t  i s  d if f ic u lt  to  
determine the entire sequence of events. However, the scoured intra­
c la sts within th is  interval indicate that Interval Tbre© involved a 
rapid marine withdrawal that exposed the area and formed a surface 
with scattered t id a l pools in which the P e lle ta l Rock Type formed, 
e la s tic s  present in th is  in terval were probably windblown. Due to  
the marine nature of the following interval, the remainder of 
Interval Three i s  assumed to  represent another marine incursion 
over the study area,
INTERVAL FOUR
This interval (Figure 25, U) records the development of the 
Productid-Bryozoan-Crinoid Subtype of the Black Micrite Rock Type 
in  sections #7 through #1U, #U, and #3. Sections #2, #5, and #6 
contain some exposures of the Laminated S p icu litic  Subtype at th is  
in terval, and are interpreted to  have either remained above sea 
le v e l, or to  have continued receiving sediment of the Laminated 
S p icu litic  Subtype during th is  in terva l. S iltston e and s i l t y  micrite 
developed in section #1 during Interval Four,
Section #15 did not receive sediment during Interval Four; 
a sandy, f o s s i l  hash zone d irectly  above Interval Three at th is
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location indicates that the v ic in ity  of section #Xf> had become 
emergent at the beginning of Interval Three. The absence of sed i­
ment at section #lf> during th is  and la ter  intervals strongly 
suggests that th is  emergence was severe, elevating the immediate 
area re la tive  to  surrounding areas. This emergence may be ind i­
cative of sim ilar events in  and adjacent to  the study area, and 
perhaps explains the rapid withdrawal of marine waters from the 
area at the beginning of Interval Three.
At the end of Interval Four, a minor marine withdrawal 
from the north end of the study area caused the S ilty  Micrite Rock 
Type to  develop over the Productid-Bryozoan Crinoid Subtype at 
sections #3 and #I+.
INTERVAL FIVE
This in terval and Interval Seven represent a complex 
sedimentary history that involves development of carbonate sand 
bodies, a probable supratidal and lagoonal area, and channel sand­
stones. Incomplete exposures complicate the two intervals further. 
The distribution  of sediments of Interval Five i s  f ir s t  described, 
followed by an interpretation of the relationships between rock 
types.
D escriptive
Interval Five (Figure 2£, 5>a & £b) began with development of 
the P e lle ta l Rock Type in sections #7 through #lh* and the Carbonate
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Sand Rock Type at sections #1 through #6. At section #15, th is  basal 
deposit i s  represented by a brachiopod rich bed.
Following deposition of th is  basal Pelletal-Carbonate Sand 
unit, P e lle ta l and Mat Algal Rocks were deposited in  sections #7 
through #1H (5b ), while at sections #5, #6, and #2, channel sands 
developed. Sections #3 and #U received s i l t y  dolomite during th is  
la ter  part of the in terval. Section #15 received sandstone, s i l t y  
micrite and s i l t y  dolomite during the la s t  part of th is  in terval.
Interpretive
Interval Five began with a period of higher energy wave 
agitation  that spread Carbonate Sand across the northern area; 
th is  increased current a c tiv ity  was lim ited to  sections #1 through #6, 
and section #15. Section #15 remained as a s lig h t topographic r ise  
on which brachiopods proliferated in a nutrient-rich, current swept 
area. Sections #7 through #lh  represent quieter in tertid a l sed i­
mentation, in  which P e lle ta l and Mat Algal sediments formed through­
out the in terval.
The s i l t y  dolomites at sections #3 and #U are interpreted  
to  represent supratidal sedimentation, either as an island or as a 
peninsular extension of an emergent area. Section #1 is  interpreted  
as a lagoonal area behind th is  feature.
Development of channel sands occurred in the in tertid a l 
zone; at sections #5 and #6 adjacent sediments were primarily p e lle ta l  
muds, perhaps representing levee and interdistributary sediments. At
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section #2, adjacent sediments are not exposed, but were probably 
s i l t y  m icrite. Origin of the sand i s  not certain* eolian s p i l l ­
overs outside the study area may have been the source, or the sand 
may have been derived from flu v ia l systems draining a nearby emer­
gent area«
Sand was confined to  the channels due to  low energy conditions 
in  the in tertid a l environment* sp illovers were not observed. The 
p e lle ta l rocks of sections #8 through #1U are only s lig h tly  sandy 
(3 - 10$ ), indicating either that sand was widely dispersed seaward 
from the channel mouths, or that the channels continued past these 
sections, and that sections #8 through #1U represent interdistributary  
areas between channels.
Section #15 does contain e la s tic s  during th is  interval, 
attributed to  higher energy conditions caused by the higher topo­
graphic nature of th is  area re la tive  to  sections #8 through #1U,
As interpreted, the relationship of these rock types to  one 
another i s  sim ilar to  the relationships found by Ball (1967) in  plat­
form in terior sand blankets at Andros Island. In h is study, Ball 
noted channels cutting supratidal islands, with p e lle to id a l carbonate 
sands forming adjacent to  the islands in  the in tertid a l zone.
The p e lle ta l muds adjacent to the channels at sections #5 
and #6 would be the low energy analogy to  the in tertid a l carbonate 
sands of B all, The dolomites at sections #3 and #U are analogous to  
the islands in B a ll’s study. Text-Figure 25, 5a & 5b, depicts the 
author’s conception of general sediment distribution  during Interval
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Five.
Interval Five ended with the development of the Mat A lgal 
Rock Type in  section s #8 through #lLw
INTERVAL SIX
Interval Six (Figure 26, 6 ) represents a rapid marine in ­
cursion which spread the Carbonate Sand Rock Type over sections 
#2 through # l£ . At section #1, the M illerellid-Productid Rock Type 
was deposited in  a lagoon or restr icted  bay.
INTERVAL SEVEN
During Interval Seven (Figure 26, 7) > the P e lle ta l and Mat 
Algal Rock Types spread over sections #£ through #1U; section # l£  
either did not receive sediment during th is  in terval, or was de­
posited and la ter  eroded. At sections #3 and #U, th is  in terval i s  
not exposed, but from dolomite flo a t the v ic in ity  i s  interpreted  
to  have remained supratidal. At sections #£ and #6, a channel once 
again formed, cut into the adjacent P e lle ta l Rock Type.
Sections #1 and #2 received a thin fo ss ilifero u s sand 
deposit, interpreted to  represent eolian f la t  or channel sp illover .
INTERVAL EIGHT
This interval (Figure 26, 8) marks the end of exposed 
channel sand deposition and the beginning of d ifferen tia l subsi­
dence and emergence in the south part of the study area.
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Channel sand at sections #£ and #6 disappeared, either due 
to  meandering of the channel course or to  a depletion of the sand 
source. The beginning of Interval Eight at these sections i s  marked 
by development of Jfet Algal and P e lle ta l Rocks, a lternately  deposited 
■with the S ilty  Micrite Rock Type. At section #3, Mat A lgal, P e lle ta l  
and S ilty  Micrite Rock Types were alternately  deposited during 
Interval Eight. Section #3 continued to  receive dolomite in  the 
supratidal environment, while at sections #1 and #2, the lagoonal 
aspect became more accentuated, and black shale, representing the 
Shale Rock Type was deposited.
In the south part of the study area, important changes began 
to occur during th is  in terval. Section #8 continued to  receive  
p e lle ta l mud, while adjacent to  section # 8, sections # 9, #10, and 
possibly section #11 began receiving the black organic sediments of 
the Dark Fragmental Subtype of the Black Micrite Rock Type. Dark 
colored p e lle ta l muds were deposited at sections #13 and #11;$ 
section #1$  either did not receive sediment during th is in terval, or 
sediment was deposited and la ter  eroded.
Sediments at section #8 during th is  interval are in tra c la stic  
and sandy, with minor sandstone development. The nature of the sed i­
ment at th is  section , together with the abrupt change southward into  
the Black Micrite Rock Type indicates that during, and possibly  
previous to  Interval Eight, shoaling conditions developed at section #8.
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INTERVAL NINE
This interval (Figure 26, 9) records development of the 
Carbonate Bank Rock Type on the shoal formed during the previous 
in terval, while southward, the Dark Fragmental Subtype continued to  
be deposited at sections #9 and # 10; sections #13 and # l l  continued 
to  receive p e lle ta l mud. Sections #U through #7 are covered above 
Interval Eight. At sections #1 and #2 the Productid-Bryozoan-Crinoid 
Subtype of the Black Micrite Rock Type was deposited in the con­
tinuing lagoonal or restricted  bay environment; section #3 apparently 
continued to  receive the s i l t y  dolomites of the supratidal environ­
ment. This in terval i s  interpreted to  represent a marine incursion 
over much of the area.
INTERVAL TEN
This in terval (Figure 26, 10a & 10b) records development 
of the S ilty  Micrite Rock Type over much of the area. At sections 
#1 and #2, the Gastropod-Plant Fragment Subtype of the S ilty  Micrite 
Rock Type represents in f i l l in g  of the lagoonal area. Rocks re­
presenting th is  interval at sections #3 through #7 are not exposed.
At sections #8, #9, and #10, the S i lty  Micrite Rock Type developed.
At sections #13 through # l£  the majority of Interval Ten i s  not 
present. The end of Interval Ten (10b) i s  marked by the spreading 
of Sand Subtype I over much of the area.
Below th is  sand, i t  i s  evident from Plate I that there is
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considerable thinning of interval at sections #13, #XU, and #15.
This thinning i s  believed to  represent t i l t in g  of the south part of 
the area sometime previous to  the development of Sand Subtype I over 
the area. No direct evidence could be found to  indicate i f  sediment 
had been deposited and la ter  eroded, or i f  the thinning i s  due to  
non-deposition previous to , or during Interval Ten. At sections #13 
and #lh , sediments representing Intervals Nine and most of Ten are 
not present, 'while at section #15, Intervals Seven, Eight, Nine, and 
most of Ten are absent. Previous to  development of Sand Subtype I  at 
the end of Interval Ten, the e ffe c ts  of the t i l t in g  in  the south had 
diminished, and the depositional interface became a reasonably lev e l  
surface.
INTERVAL EIEVEN
Interval Eleven (Figure 27, 11) represents invasion of the 
study area by shallow marine waters. At sections #13 and # lh , the 
Dark Fragmental Subtype of the Black Micrite Rock Type was deposited, 
while at sections #8, #9, #10, and #15, the S ilty  Micrite Rock Type 
formed.
North of section # 8, there are no exposures for th is  and 
la ter  in tervals. From indirect evidence, such as the predominance 
of flo a t from the Quadrant Formation, and the short distance upward 
to  where the Quadrant Formation actually  outcrops above the top of 
Interval Ten, i t  i s  as sinned that during the preceding marine with­
drawal, e la s tic s  had moved in to  the v ic in ity  of sections #1 through #5*
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INTERVAL TWELVE
Interval Twelve (Figure 27* 12a & 12b) began with a period 
of increased wave agitation  and a drop in wave base that spread the
Carbonate Sand Rock Type over sections #8, #12, and #13- This
deposit perhaps represents sediment derived from areas farther o ff­
shore, torn up by a drop in wave base, and spread across the in ter­
t id a l area during a period of severe t id a l fluctuation*
Following deposition of the Carbonate Sand Rock Type, 
rippled sand sheets of Sand Subtype II  moved in to  sections #8, #13, 
and #1U (12b). This event i s  interpreted as regressive, representing 
the in i t ia l  progradation of sand sheets into the area.
INTERVAL THIRTEEN
This in terval (Figure 27* 13a & 13b) depicts a b rief  
inundation* in  which the P e lle ta l Rock Type moved across the south 
part of the study area. Following th is event* Sand Subtype II  
moved into the v ic in ity  of section #8* and the F ossiliferous Dolo­
mite Rock Type formed to  the south (13b) • At section #l£* th is  
interval i s  not exposed.
INTERVAL FOURTEEN
Interval Fourteen (Figures 27 and 28, lUa & liib) began 
with development of a very thin deposit of the Mat Algal and P e lle ta l 
Rock Types at section # 8, while the F ossiliferous Dolomite Rock Type
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remained in the sections to  the south.
Following th is  event, Sand Subtype II I , representing a 
prograding sand sheet, moved across sections #8 through #1$ (Hjb).
INTERVAL FIFTEEN
Interval F ifteen (Figure 28, 13>) records the la s t  major 
marine carbonate movement found in  the study area. This interval 
began with development of the Ifet Algal Rock Type over Sand Subtype 
I I I , followed by the P e lle ta l and S ilty  Micrite Rock Types at 
sections #8 through #12, and by the P e lle ta l Rock Type and Dark 
Fragmental Subtype at sections #13 and #liu
fr*esence of these rocks indicates that a marine incursion 
re-established the south part of the study area as a marine carbonate 
in tertid a l area. I t  i s  important to  note that, within these marine 
carbonates, v ir tu a lly  no sand grains are present, even though the 
area was most lik e ly  surrounded by sand at th is  time.
The top of Interval F ifteen marks the upward lim it of ex­
posed Amsden rocks in  the area. The Quadrant Formation i s  only a 
few fee t above the top of th is  in terval, and i t  i s  apparent that 
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The Pennsylvanian Amsden Formation in  the Tendqy Mountains, 
Beaverhead County, Montana, contains subtidal, in tertid a l, and supra -  
t id a l carbonate rocks that intertongue with, and grade upward to  
shallow marine quartz sandstones of the Quadrant Formation*
Carbonate rocks were divided into eleven rock types and 
fiv e  associated subtypes. Sandstones were included as one rock 
type and divided into four subtypes. Environment of deposition was 
interpreted for each rock type and subtype on the basis of color, 
texture, allochems, f o s s i l s ,  and sedimentary structures*
Carbonate rock types include the following: churned
brachiopod-crinoid (subtidal) ; m illerellid-brachiopod-crinoid  
(subtidal)% m illerellid-productid (lagoon, channel, restricted  bay) 5 
p e lle ta l (in tertid a l, subtidal)$ mat a lga l (in tertid a l, supratidal)$ 
carbonate bank (subtidal-intertidal)$  rounded a lga l biosparite (sub- 
t id a l, in te r tid a l) | carbonate sand (in tertid a l, supratidal)j sandy 
fo ss ilifero u s dolomicrite (subtidal, in te r tid a l) 5 s i l t y  m icrite 
(restricted  in tertid a l, supratidal) — gastropod-plant fragment 
subtype (lagoon, restricted  bay)$ black micrite — productid- 
bryozoan-crinoid subtype (restricted  open marine) — dark frag­
mental m icrite subtype (subtidal, in tertid a l) — laminated sp ic u lit ic  
subtype (supratidal, in te r tid a l) .
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Sandstone subtypes include the following: subtype I (isolated
patches of sand)| subtype II  (rippled sand sheets, in tertid a l sand 
f l a t ) |  subtype III  (megarippled sand sheets, in tertid a l and shallow 
marine)| subtype IV (channel sands, in ter tid a l and supratidal).
D istribution of rock types indicates that the south part of 
the area represents predominantly subtidal and in tertid a l sedi­
mentation, while the north part of the area represents predominantly 
in tertid a l, supratidal, and restricted  bay or lagoon sedimentation. 
Sands appeared f ir s t  in  the north and moved southward across the area, 
representing progradation into the carbonate environments
Normal marine carbonate sequences tend to  grade upward to  
restricted  in tertid a l p e lle ta l, mat a lg a l, and s i l t y  lime mud 
sequences that formed during periods of sand progradation. Four 
carbonate transgression - sand progradation sequences can be 
recognized in  the Amsden Formation.
Sand subtypes II  and I U  represent rippled and megarippled 
sand sheets prograding into the in tertid a l and s lig h tly  subtidal 
marine environments. These sands may have originated from d is tr i­
butary river mouths in  the north.
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APPENDIX I
Field and laboratory Procedures
Field Procedures
Each stratigraphic section ■was measured with a fiv e  foot 
Jacob s ta ff  and brunt on compass. Samples were taken at changes in  
lithology or at one foot in tervals. A profile  section was sketched 
at the outcrop of each section to  show the topographic aspect of 
beds, thickness and character of bedding, lith o logy , faunal content, 
and exact location of samples.
At c r it ic a l  or w ell exposed sections the rocks were marked 
with paint a t each fiv e  foot in terval and numbered as to  footage 
above the base of the section . The use of paint provided a record of 
the measured section in  the f ie ld , and allowed the writer to  return 
at la ter  dates to  precise points within a section for additional 
sampling and descriptive work.
Sections #1, #2, #5, # 8, #10, #12, #13, and # l£  were sampled 
in  d e ta il for laboratory analysis, for they contained the major rock 
types. After studying these rocks in the laboratory, the writer 
returned to  the f ie ld  to  measure and describe sections #3, #U, #7*
#9, and #11. These sections were taken for correlating sections and 
were described in  the f ie ld .
Sections 1A. and l$k were taken as reference sections of the
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lower member and were f ie ld  described.
Laboratory Procedures
Lithie samples were slabbed, etched in  d ilu te  hydro­
chloric acid , and stained for ca lc ite , dolomite, and potash fe ld ­
spar (Sabins, 1962), Staining fa c ilita te d  d ifferen tia tion  of ca lc ite  
from dolomite and feldspar from quartz5 i t  was particularly useful 
for determining the mineralogy and percentage of cement in sandstone.
A ll slabs were f ir s t  examined with a binocular microscope; 
representative rock types and samples containing fragments and 
fo s s i ls  of uncertain id en tity  were selected for th in  sectioning. 
Approximately 90 thin  sections were cut and examined during the 
course of the study. Data obtained from thin sections were combined 
with f ie ld  and other laboratory data, and correlations were re­
examined using th is  combined information. After allochems were 
id entified  in slab and th in  section , they could be identified  in  
hand samples with reasonable certainty, allowing additional sections 
to  be measured and described in  the f ie ld .
Two sandstone samples (section #lU, 7£ fee t and fee t)  
were disaggregated with hydrochloric acid and examined by mechanical 




Topographic maps and large scale geographic maps are not 
available for the Tendoy Mountains. The best maps available for 
the area are & 1 mile geographic maps published by the United 
States Forest Service, sim ilar to  Figure 1 of th is  paper, showing 
township and range, section , and approximate locations of t r a i ls  
and roads. Consequently, accurate placement of measured sections 
met with considerable d iff ic u lty . I  have located each measured 
section to  the nearest quarter-section, township and range, and i t  
i s  hoped that they are accurately placed.
Section 1 and 1A 
Approximate Center of SE  ̂ of NW%, section 36 
T-13-S, R-10-W, MPM 
Access: Big Sheep Creek Road
Hidden Pasture Trail
Proceed southwest along Big Sheep Creek Road to  junction 
with Hidden Pasture T rail (marked on right by Forest Service sign ). 
Proceed on foot northwesterly on Hidden Pasture Trail for approxi­
mately 200 yards, Amsden Formation outcrops are on the right; 
measured sections are about 30 yards to  the right of t r a i l .
Section 2 and 2A 
Approximate Center of SE% SŴ , section 36 
T-13-S, R-10-W, MPM 
Access: Big Sheep Creek Road
Deadwood Gulch Road
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At the intersection of Deadwood Gulch and Big Sheep Creek 
Road, turn southeast onto Deadwood Gulch Road, cross Big Sheep 
Creek, through fence, and park next to  Forest Service corrals, 
Proceed on foot southwesterly along Big Sheep Creek u n til reaching 
c l i f f .  Proceed southeasterly along base of c l i f f  for about 200 
yards, or u n til reaching f ir s t  ea s ily  climbed portion of c l i f f .  
Section #2A was measured at th is  position . Section #2 i s  d irectly  
above5 the f ir s t  massive, resistan t limestone bed at the top of the 
c l i f f  i s  the base of Section #2.
Section 3
Approximate Center of SE  ̂ of SV%, section 36 
T-13-S, R-10-W, MPM 
Access: Big Sheep Creek Road
Deadwood Gulch Road
Proceed southeasterly along Deadwood Gulch Road, approxi­
mately m iles, u n til reaching a ca ttle  guard and barbed wire fence. 
Follow fence west up steep slope, and continue along i t  u n til you 
are Just below the zone of heavy timber. Section #3 outcrops in a 
large clearing just below heavy timber and can be seen for some 
distance while climbing.
Section h
Approximate Center of of NW%, section 7 
T-liHS, R-9-W, MPM 
Access: Big Sheep Creek Road
Deadwood Gulch Road
Section #U is  best reached by proceeding southeasterly 
along strike from section #3* staying just below the timber. 
Proceeding in th is  direction approximately one and one-quarter
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m iles, you w ill  climb and descend a northeast-trending ridge.
Beyond th is  ridge i s  another sim ilar ridge. Climb, staying close  
to  the timber. Section #U i s  located just over the peak of the ridge, 
on the southeast sid e.
Section $ and 6 
Approximate SW*g SŴ  NV\%, section 17 
T-lU-S, R-9-W, MPM
Access; L ittle  Sheep Creek Road
West Pork Road, L itt le  Sheep Creek 
Unnamed Logging Road to  White Pine Ridge
At the intersection  of the West Fork and Middle Pork of 
L ittle  Sheep Creek, take the West Fork Road 2.U miles where i t  
in tersects with a logging road on the righ t. Proceed on logging 
road 7.U miles to  fork in road. Bear right and proceed .6  miles 
to  the east side of meadow on top of the ridge. Proceed on foot 
northwest along barbed wire fence u n til  fence turns west. Continue 
northwest about 200 yards u n til reaching edge of heavy timber and 
Quadrant Sandstone outcrops. Turn northeast and walk downhill about 
200 yards u n til reaching edge of heavy timber and Quadrant Sandstone 
outcrops. Turn northeast and walk downhill about 200 yards, 
reaching promontory above very steep slope. Sections #5> and #6 are 
on promontory, facing northeast.
Sections 7 through 11 
Access; West Fork Road, L ittle  Sheep Creek
These sections are described in  reverse order, as th is  i s  
the order in which they are encountered while proceeding along the 
only access. Figure 29 is  a picture of sections #8, #9, and #10,
and w ill  fa c i l ita te  finding these sections
Section 11 
Approximate NW% SŴ , section 27 
T-lU-S, R-9-W, MPM
At the intersection  of the West Fork and Middle Fork of 
L ittle  Sheep Creek proceed on the West Fork approximately* one-half 
mile to in tersection  of Amsden-Quadrant contact with the road. 
Proceed on foot northwesterly* to  resistan t Limestone ledges.
Section #11 i s  in  the center portion of the outcrop.
Section 10 
Approximate Center of NE%, section  28 
T-lU-S, R-9-W, MPM
Approximately one-quarter mile past the intersection  of the 
West Fork and Middle Fork of L ittle  Sheep Creek, an in d istin ct truck 
t r a i l  in tersects with the West Fork Road on the r igh t. Proceed 
northwesterly along truck t r a i l  about one-half mile u n til  reaching 
the f i r s t  le v e l terrace. Proceed on foot southwesterly to  outcrops 
(see Figure 29) which are on south facing slope in gully .
Section 9 
Approximate NŴ  NW% section 28 
T-1U-S, R-9-W, MPM
Proceed from section #10 northwesterly along strike  
approximately one-quarter mile (see Figure 29)•
Section 8 & 8A 
Approximate Center of SŴ  of 0%, section 21 
T-1U-S, R-9-W, MPM
Return to  vehicle and continue northwest on truck t r a i l  (see
section #10 description) to high topographic saddle, -where road ends. 
Section #8 i s  on the ridge to  the southwest (see Figure 29)•
Section 7 
Approximate SE  ̂NE ,̂ section 20 
T-lU-S, R-9-W, MPM
From section #8, proceed on foot northwest along strike for 
about one-half m ile. You w ill  descend into a deep, heavily forested, 
northeast trending gully, and upon emerging from the gully , w ill  enter 
a small clearing. Section #7 i s  in the center of the clearing and is  
p artia lly  obscured by grass and s o i l .
Section 12 
Center SE% NE ,̂ section 3U 
T-lU-S, R-9-W, MPM 
Access: Middle Foj*k Road, L ittle  Sheep Creek
East Fork Road, L ittle  Sheep Creek
Proceed by car to  the intersection  of East Fork and Middle 
Fork Roads. Turn southeast on the East Fork Road and continue for 
one-eighth m ile. Park on road near abandoned cabin. Proceed on foot 
north behind cabin approximately 70 yards to  the top of the low 
ridge. Section #12 i s  on the northeast flank of the ridge.
Section 13
Approximate Center of SE% of SŴ , section 35 
T-lH-S, R-9-W, MPM 
Access: East Fork Road, L ittle  Sheep Creek
This section i s  d if f ic u lt  to  find because of hea^y timber. 
Proceed southeast along East Fork Road u n til reaching boundary 
fence of Forest Service campground. Proceed southwest along fence 
and climb about 100 yards up h i l l .  Section #13 i s  on the northwest
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side of fence in  a very minor clearing.
Section 1U 
Approximate NW% of NW% of NÊ , section 2 
T-l^-S, R-9-W, MPM 
Access? East Fork Road, L ittle  Sheep Creek
Section #11; i s  located behind the East Fork Forest Service 
Campground. Proceed to  the campground and park in turn-around. 
Proceed on foot southwest to  base of ridge behind campground.
Proceed southeast along base of ridge approximately 200 yards. At 
th is  point you w ill  be a t the southeast edge of a large clearing  
on the slope. Base of section #lH i s  about 30 yards d irectly  up the 
h i l l .  These beds are very d if f ic u lt  to  find and are p artia lly  
covered by grass and s o i l .
Section 1$ & l$k 
Center of NE%[ of SE ,̂ section  36 
T-lU-S, R-9-W, MPM 
Access? East Fork Road, L ittle  Sheep Creek 
Unnamed Mine Road
About one-quarter mile northwest of campground boundary, 
the East Fork Road in tersects with an unnamed t r a i l  on the northwest 
side of road. Turn onto th is  road and cross L ittle  Sheep Creek, 
bear right and drive southeast on truck t r a i l .  Bear l e f t  on a l l  
forks, past an abandoned gypsum mine. Just beyond mine, take 
right fork of road, and continue u n til you reach the saddle at the 
head of Birch Creek. Looking to  the northwest, up a prominent ridge, 
section #1S>A begins about one-third of the way up the h i l l .  Section  




Plates I and II
Plates I  and II  are correlating plates showing the character 
of bedding and correlation of rock types for the middle and upper 
members. Numbers on the l e f t  exterior side of the sections corres­
pond to  painted marks at the outcrop. At section #15 i t  w ill  be 
noted that the base of the section i s  at 16.5 fe e t . The section was 
orig inally  begun below the base of the middle member. After the 
lower member was measured (#l5A), data for the lower part of section  
#15 was included in #l5A.
Sections #8 and #10 are extended at the base by addition of 
sections #8A and #1QA. The original sections were begun too high 
in  the column  ̂ when the error was discovered, sections #8A and #1QA 
were measured d irectly  below the original sections and up to  the 
original sections.
Section #2 i s  extended at i t s  base by section #2A (lower 
member), Section #2A i s  25 yards north of section #2| i t  was 
measured to demonstrate that the lowermost part of section #1 i s  not 
present at section #2.
Rock Types
In the column Immediately to  the right of footage numbers,
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rock types, subtypes, and -varieties are indicated by number and 
le t te r . These correspond to  those in  the legend under the heading 
of each plate.
Plates 3 - 1 9
These plates are data sections of each measured section, 
and include pertinent data regarding lithology, f o s s i l s ,  and texture.
Sections #6, #7, #9> and #11 are correlating section s. Their 
lith o lo g ies  are sim ilar enough to  adjacent sections that i t  i s  not 
necessary to  present detailed data, and consequently, data sections 
■were not constructed. These four sections are, however, profiled  
on Plates I and H .
Sections #1A and #l£A are reference sections of the lower 
member. They were not orig inally  intended to  be included in  th is  
study, but were included for reference and perspective. Data pre­
sented for sections #1A and #13>A on Plates 3 and U i s  compiled from 
f ie ld  descriptions of hand specimens, and does not include petro- 
graphic data.
Plates 5 - 1 9  are data sections containing detailed f ie ld  
and laboratory data. Columns to  the right of the profile  include 
Type of Sample ( f ie ld  description, thin section , or slab ), Rock 
Color (fresh color only, corresponding to  code numbers in  GSA Rock- 
Color Chart, 1^63), Chert Color, and Rock Type. Numbers in  the Rock 
Type column correspond to  those on Plates I  and II .
Descriptions to  the right of the columns f i r s t  indicate the
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general lith o logy  of the sample, then the kind and percentage of 
allochems, cement, and textural features such as burrows, e tc .
Finally the textural name (biosparite, pelmicrite) i s  applied 
u tiliz in g  the c la ssifica tio n  of Folk, (19$9) •
Allochems that are fragmented are so designated, Unfrag­
mented fo s s i ls  are l is te d  by name and percentage.
Percentage figures indicate percent of rock, and are 
v isu a l estim ates.
Cement i s  l is te d  as a percentage of the rock in  te r r i­
genous admixtures only. The term "micrite and s i l ic a  cemented" 
means that the rock i s  cemented primarily by m icrocrystalline c a lc ite ,  
and that the terrigenous grains have some r e l ic t  overgrowths.
Allochems that are not followed by percentage figures 
indicates that they occur in amounts le s s  than 1$•
In sandstones, f i r s t  the cement i s  l is te d , then intra­
c la s ts , f o s s i l s ,  grain s iz e , sorting, rounding, and heavy minerals. 
Again, when not followed by a percentage, constituents are le s s  than 
1% of the rock.
For example:
TS N1 Blk 3A Limestone; Produetid brachiopod and
brachiopod fragment (20$). crinoid 
and echinoid fragment phos-
phatic fragment, ap terin ellid , pel­
micrite in tracla st, bryozoan frag­
ment (3$), churned biom icrite.
9k
This description id e n tifie s  a black limestone with black 
chert, examined by th in -section , and assigned to  the Productid- 
Bryozoan-Grinoid Subtype of the Black Micrite Rock Type, composed of 
20$ whole produetid brachiopods and other brachiopod fragments, 5$ 
crinoid and echinoid fragments, 3$ bryozoan fragments, with con­
stitu en ts le s s  than 1$ as follows: in traclasts of p e lle ta l m icrite,
phosphatic fragments, ap terin ellid  foraminifers, a l l  occurring in  a 
churned m icrocrystalline ca lc ite  matrix.
For sandstones:
TS 5Y6/1 __ IOC Sandstone; Micrite and s i l ic a  cemented
(2£$), fine to  medium grained (.08 -  
•2U mm), subround to  subangular, 
bimodally sorted, pelmicrite intra­
c last (1$), chert, leucoxene, Quartz 
Sandstone.
This description id e n tifie s  a lig h t o live  gray sandstone, 
with no chert stringers or nodules, belonging to  Sand Subtype I I I ,  
composed of 25$ cement, 75$ terrigenous p artic les . Cement i s  m icrite, 
and grains have r e l ic t  s i l ic a  overgrowths. Sand grains are fin e  to  
medium sized , ranging from .08 to  .2U m illim eters, subround to  sub- 
angular with bimodal sorting. In addition to  quartz grains, the 
sample contains in traclasts of p e lle ta l m icrite, and traces of d e tr ita l  
chert and leucoxene.
These data sections are presented in  th is  manner to  be 
ea sily  carried in the f ie ld ,  and are intended for use in  the f ie ld  by 
anyone wishing to  acquaint themselves with these rocks. Petrographic
9$
data i s  presented so that id en tifica tion  of fragments may be more 
quickly learned through comparison of hand specimens with these 
descriptions.
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Sections 8,, 9, 10 and 11 
View looking north, along strike
Figure 29
View from section 8, 
looking southeast along East Fork of 




CROSS SECTION B - B '  SHOWING INTERVALS 
AND ROCK TYPES,  SECTIONS 7 - 1 5
WILLIAM J. STRICKLER, JANUARY.
L E G E N D
ROCK TYPES:
8RACHIOPDD CRINDID CHURNED MICRITE ROCK TYPE 
MILLERELLID - 8RACHIDPDD CRINDID RDCK TYPE 
BLACK MICRITE ROCK TYPE
A, PRDOUCTIO -  8RYDZDAN -  CRINOID SUBTYPE 
8. FRAGMENTAL SUBTYPE 
C. LAMINATED SPICULITIC SU8TYPE 
PELLETAL RDCK TYPE
A. DSTRACOD FRAGMENTAL SUBTYPE 
MAT ALGAL 8IOLITHITE RDCK TYPE 
ALGAL PLATE BIOSPARITE RDCK TYPE 
CARBONATE SAND ROCK TYPE
9. SILTY MICRITE -  SILTSTONE RDCK TYPE 
A. SILTY MICRITE 
8. SILT8TDNE
C. DOLOMITE
D. DASTRDPOD PLANT FRAOMENT SU8TYPE 
ID. SANO RDCK TYPE
A. SUBTYPE I 
8. SU8TYPE II
C, SU8TYPE 111
D. SUBTYPE IV 
II. SHALE RDCK TYPE
0286
P L A T E  H
C R O S S  SECTIO N  A “ A ' SHO W IN G  INTERVALS 
AND ROCK T Y P E S , S E C T IO N S  I -  6
LEGEND
STPICKLIK , JANUARY,
ROCK t y p e s :
1. BRACHIOPOO CRINOIO CHURNEO MICRITE ROCK TYPE
2. Ml LLERELLIO - BRACHIOPOD CRINOIO ROCK TYPE
3. BLACK MICRITE ROCK TYPE
A. PROOUCTIO “ BRYOZOAN - CRINOIO SUBTYPE
B. FRAGMENTAL SUBTYPE
C. LAMIN ATEO SPICULITIC SUBTYPE
4. PELLETAL ROCK . TYPE
A. OSTRACOO FRAGMENTAL SUBTYPE
5. MAT ALGAL BIOLITHITE ROCK TYPE
6. ALGAL PLATE BIOSPARITE ROCK TYPE
7. CARBONATE SANO ROCK TYPE
8. CARBONATE BANK ROCK TYPE




0. GASTROPOO PLANT FRAGMENT SUBTYPE
10. SANO ROCK TYPE
A. SUBTYPE I
B. SUBTYPE II
C. SUBTYPE III 
0 SUBTYPE IV
11. SHALE ROCK TYPE
12. MILLERELLIO - PRODUCTIO LIMESTONE ROCK TYPE
13. SANOY FOSS I LIFE ROUS OOLOMICRITE ROCK TYPE
X - CHERT Y - SANOY INTRACLASTIC MICRITE
I7TT1
BROKEN BEOOING SECTION NUMBER AUXILIARY‘S SECTION
VERTICAL SCALE: I*' • 5 FEET
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107-118  See 95- 103 .
95-103 S i l t y  L im estone; D o lo m itic (lO $ ), lam ina ted  l i g h t  ta n  
and d a rk  g ray , burrowed (%" d ia m e te r , p a r a l l e l  to  
b ed d in g ), q u a rtz  s i l t y ( l 5 $ ) ,  m ic r i t e .
g-95 L im estone; C rin o id , e c h in o id , and bryozoan fragm ent, 
e n c ru s t in g  b lu e -g re e n  a l g a l ,  m i l l e r e l l i d  a n d /o r  endo- 
th y r id ,  b rach iopod  and b rach iopod  fragm en t, churned to  
burrow ed, b io m ic r i te .  Channel C arbonate.
3-8U Lim estone; C rino id  frag m en t, com posite and p ro d u e tid  
b rach io p o d , m i l l e r e l l i d  a n d /o r  e n d o th r id , e c h ino id  
fragm en t, bryozoan frag m en t, churned and burrow ed, 
b io m ic r i te .
75-80 Lim estone; Burrowed, s p a r ry , g a s tro p o d , f in e  fragm ented 
f o s s i l  h a sh , b io m ic r i te .
67-5-70 Lim estone; G astropod, fragm ented f o s s i l  h ash , burrow ed, 
s p i c u l i t i c ,  b io m ic r i te .
6 7 -67 .5  L im estone; Burrowed (s in u o u s , 1 /8 "  d ia m e te r ) , m ic r i t e .
57-60 L im estone; S p ic u l i t i c  m ic r i t e .
5 1 .5 -5 5  Lim estone; S p ic u l i t i c  m ic r i t e .
U8.5-50 L im estone; S p ic u l i t i c  m ic r i t e .
U7-U8.5 L im estone; U n id e n t if ia b le  f in e  f o s s i l  fragm ents ( t r a c e ) ,  
s p i c u l i t i c  m ic r i t e .
U5-li7 L im estone; S p ic u l i t i c  m ic r i t e .
U0-lp3 Lim estone; S p ic u l i t i c  m ic r i t e .
35-UO Lim estone; C rino id  fragm ent ( t r a c e ) ,  s p i c u l i t i c
19-5-35 Lim estone; S p ic u l i t i c ,  d isc o n tin u o u s ly  la m in a ted , m ic rite -  
Rock has d a rk  specks -  may be p la n t sp o re s .
1 7 -19 .5  L im estone; S p ic u l i t i c ,  c r in o id  and sp ine  fragm ent ( t r a c e ) ,  
m ic r i t e .
1 2 -5-17 Lim estone; Laminated ta n  and b la ck  f e n e s t r a te  bryozoan 
( t r a c e ) ,  s p i c u l i t i c  m ic r i t e .
3 -1 2 -5  L im estone; Laminated ta n  and b la c k , s p i c u l i t i
0 -3  L im estone; S p ic u l i t i c ,  dense m ic r i t e .
O-i-
P L A T E  It fy\trrrrtmg
OTTCTT o2
S ec tio n  l£A 5 5 7 -06
6> 9 / 7 S '
LOWER MEMBER, AMSDEN FORMATION 5
Center o f NE^ o f SE%, s e c tio n  36 
T-lU -S, R-9-W, MPM
W illiam  J . S t r i c k ie r  
1972
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B a s e  o f  s e c t i o n  15 2U£ Base o f s e c tio n  # l£
2Ul.£-2U£ Brachiopod (com posite , o r th id ,  and strophom enid) and 
brachiopod fragm ent, c r in o id  and ech ino id  fragm en t, 




239-239.£ B rachiopod, c r in o id  and ech ino id  fragm en t, b io m ic r i te .
236 .£ -238 .£  Lim estone; Brachiopod and brachiopod f r a g . ,  c r in o id  
and ech in o id  f r a g . ,  spine b e a r in g , b io m ic r ite .
D olom itic Lim estone; Brachiopod f r a g . , dense,dolom icrite236-236.£ 
233.£-23£
233-233.£
Sandy Lim estone; F ine en cru sted  and coated f o s s i l  
f r a g . ,  a p t e r in e l l i d ,  frag m en ta l b io m ic r ite . 
Lim estone; Composite brachiopod and brachiopod 
fragm ent, c r in o id  and ech in o id  fragm en t, spine 
b e a r in g , b io m ic r i te .
230-





227-227.£ Lim estone; S p a rry , burrowed, dense, m ic r i te .
222-22£ Lim estone; Brachiopod fragm ent, sp a r ry , burrowed, 
dense m ic r i te ;  to p s  o f  beds coated w ith  mat a lg a l  
b i o l i t h i t e .
2 0 5 -







1 7 0 4
169-171 L im estone; Brachiopod and c r in o id  fragm ent, ech in o id
fragm ent, sp ine  b e a r in g , churned, frag m en ta l b io ­
m ic r i te .
lesH
160-
l£ 8 -l6 0 Lim estone; Brachiopod and c r in o id  fragm ent, ech in o id  
fragm ent, sp ine b e a r in g , churned, frag m en ta l 
b io m ic r i te .
150-
lU 9 -l£ 3 •£ Lim estone; E n cru sted  a lg a l  (?) p la te ,  f in e  en cru sted  
brachiopod and c r in o id  fragm ent, f in e  u n id e n tif ie d  
frag m en ts , e n c ru s tin g  a p t e r in e l l i d  and b lu e  green 
a lg a e , packed, frag m en ta l b io m ic r i te .
120-
1U£-1U8 Lim estone; See ll[2 -lltlt.
145-
140-
lU2-lliU Lim estone; Brachiopod fragm ent, c rin o id  and ech ino id  
fragm ent, bryozoan fragm en t, b io m ic r i te .
130-
125-
12h-132 Lim estone; S p a rry , m ic r i te  i n t r a c l a s t ,  dense, m ic r i te .
4 -5
108-110 Limestone; laminated, sparry, mat algal b io lith ite ,
100-
4 - 5
106-106.£ P i s o l i t i c  L im estone.
103 .£ -1 0 6  L im estone; Lam inated, sp a r ry , mat a lg a l  b i o l i t h i t e ,  
102 .£ -103 .£  See 101-102.
101-102 Lim estone; B rachiopod, c r in o id  fragm ent, sp ine 
b e a r in g , churned, b io m ic r i te .
96-97 Lim estone; F in e , en c ru s te d  b rach iopod , a lg a l  (? ) p la te ,
sp ine  b e a r in g , q u a rtz  f in e  sandy, e n c ru s tin g  a p t e r i ­
n e l l i d  and b lue  g reen  a lg ae  b io m ic r i te .
9£ .2-96  Lim estone; F ine f o s s i l  f r a g . ( 2$ ) ,h e m a ti t ic  dense micrrt
9U.£-95>.2 Lim estone; Laminated, sp a r ry , mat a lg a l  b i o l i t h i t e .
93-9U.£ Lim estone; Rounded m ic r ite  I n t r a c l a s t  (£ $ ), sp arry (£ $ )
in te r la m in a te d  p e lm ic r ite  and mat a lg a l  b i o l i t h i t e .
86-87.£  
8 1 . 2 -8 6
Lim estone; Brachiopod (20$ ), c rin o id  fragm ent (£ $ ) , 
sp ine  b e a rin g  (1 $ ) , churned, b io m ic r ite .
Lim estone; E ncrusted  a lg a l  (?) p la te  (2£$), brachiopod 
and c r in o id  fragm ent (10$), sp ine  b e a r in g  (1 $ ), 
e n c ru s tin g  a p t e r in e l l i d  and b lu e  green a lg a e , coated  
f in e  sandy q u a rtz  g ra in , sp a r ry , frag m en ta l b io m icrite .
77-81.2 Lim estone; M ic r ite  i n t r a c l a s t  (10$ ), f in e  f o s s i l  
fragm ent (3 $ ) , o s traco d  fragm ent (1 $ ) , p e lm ic r i te .
7 0 69-70 Lim estone; B rachiopod f r a g . , c r in o id  f r a g . ,  sp ine 




Lim estone; Brachiopod fragm ent, c r in o id  fragm ent, 
sp ine b e a r in g , b io m ic r ite .
Lim estone; lam in a ted , sp a rry , f in e  f o s s i l  fragm en t(£$), 











£ 8 .£ -6 0 .2  Lim estone; Brachiopod fragm ent, c r in o id  fragm ent, 
ech in o id  f r a g . , bryozoan f r a g . , churned, b io m ic r ite .
£ 6 .£ -£ 7 .£  Lim estone; Dense, sp a rry  (£ $ ) , p e lm ic r i te .
£ £ ,£ -£ 6 .£  S i l t y  Lim estone; Sm all u n id e n t i f ie d  s h e l l s  (2 $ )/b ra c h ­
iopod ? ) , q u a rtz  s i l t y  (£ $ ), m ic r i te .
£3-££ .£  Lim estone; S p arry  (£ $ ), in te r la m in a te d  p e lm ic r ite  and 
mat a lg a l  b i o l i t h i t e .
U7-U7.6 S i l t y  L im estone; Spine b e a r in g , f in e  f o s s i l  fragm ent 
(3 $ ), q u a rtz  s i l t y  (1 $ ) , m ic r i te .
U l.£ -h 2 .£  Lim estone; B rachiopod and c rin o id  f r a g . (1 $ ), i n t e r ­
lam ina ted  mat a lg a l  b i o l i t h i t e  and p e lm ic r i te .  
U l-U l.£  See 39-U0. ■ ■
39-hO 
36 .£-38
D olom ite; Brachiopod (3 $ ) , q u a rtz  f in e  sandy (£ $ ), 
d o lo m ic rite . J 5
Lim estone: E ncru sted  a lg a l ( ? )  p la te  (£ $ ) , brachiopod 
fragm ent ( l $ ) ,  sp ine  b e a r in g , e n c ru s tin g  a p te r in e l l id  
and b lu e  green  a lg a l  (£ $ ), frag m en ta l b io m ic r ite .
33 -33 .£  Lim estone; F ine f o s s i l  fragm ent (1 $ ), p e lm ic r i te .
29-32 Lim estone; B rachiopod fragm ent (2 £ ) , o s t r a c o d  ( £ $ ) ,
p e lm ic r i te .
5 i
2£ .£-29  Lim estone; O stracod , lam in a ted , sp a r ry , mat a lg a l  
b i o l i t h i t e .
2 5 -
20
2U-2£.£ Lim estone; S parry  (10$), p e lm ic r i te .
18 -19 .£  Lim estone; Brachiopod fragm ent ( l$ ) ,  dense , p e lm ic r ite .
I5 -+
10-
1 3 .£ -!£ .£  Lim estone; Lam inated, sp a r ry , mat a lg a l  b i o l i t h i t e .
9-10 Lim estone; lam in a ted , sp a rry  ( £ $ ) , . o s traco d  (1 $ ), mat
a lg a l  b i o l i t h i t e .
£-7 Lim estone; Brachiopod fragm ent (1 $ ), c r in o id  fragm ent
(2 $ ), sp ine  b e a r in g , burrowed, s p a r ry ( £ $ ) ,p e lm ic r ite .
3 .£ -3 .9  Lim estone; E ncrusted  a lg a l  p l a t e ( 3 0 $ ) ,  brachiopod and
c r in o id  fra g m e n t( l$ ) } e n c ru s tin g  b lue  green a lg a l  and 
a p te r in e l l id . (10$), b io s p a r i te .
0-3 Lim estone; Brachiopod f ra g m e n t( l$ ) , c r in o id  fragm ent
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9j5 S B I 0 Y R 7 / 4  IOC S e e 9 2 .
s u b a n g u l o r ,  b i modal l y  s o r t e d ,  Q u a r t z  S a n d s t o n e .
SB I OYR7 / 4  IOC S e e  9 2 .
3 4  SB I 0 YR7 / 4  IOC S e e  9 2 .
8 0 -





SB IOYR4/2 5  S e e  6 0 .
SB I OY R4 / 2  5  Dol omi t i c  L i m e s t o n e - ,  L a m i n a t e d ,  s p a r r y  (15 °/o),  d o l o m i t i c  ( 2 0  ° /0),  m a t  a i f l a l  b i o l i t h i t e  
j ( L o c a l l y  m u d c r a c K e d . )




SB I 0 Y R 4 / 2  BRN 9 A S e e  5 3 .
S B  I 0 Y R 4 / 2  BRN 9 A  S i l t y  L i m e s t o n e - ,  U n i d e n t i f i e d  d w a r f e d  s h e l l  f r a g m e n t s ( 5 ° / o ) ,  e n c r u s t i n o  a p t e r i n e l l i d  ( 1 0 % ) ,  





3 9 . 6
S B " BRN 9A S e e  5 3 .
S B " BRN 9A S e e  5 3 .
SB : " BRN 9A S e e  5 3 .
TS I 0 Y R 4 / 2  BRN 9A Si l ty  Limestone- ,  Br ac h i opo d  f r a g m e n t ( 3 °/o),  c r i no i d  f r a g m e n t ( 3 °/o),  e n c r u s t i n g  a p t e r i ne l l i d  and blue  
g r e e n  a l g a e  (15 °/o),  f i n e  f r a g m e n t s  ( 1 0 % ) ,  q ua r t z  s i l t y  ( 5 % ) ,  f r a g m e n t a  1 b i o m i c r i t e .
SB 11 9A S e e  4 6 . 9
S B It 9A S e e  4 6 . 9
SB :IOYR4/ 2 9A S i l t y  L i m e s t o n e ;  B r a c h i o p o d  f r a g m e n t  (1 ° / 0),  a p t e r i ne l l i d ( I O° / o ) ,  f i n e  f r a g m e n t s  ( I0°/o) ,  q u a r t z  si l ty(5%),  
f r a g m e n t a l  m i c r i t e .
SB :IOYR4/ 2 4  : L i m e s t o n e ;  Bu rro wed  q u a r t z  f i n e  s o n d y ( 3 ° / o ) ,  b a d l y  s i l i c  i t i e d  p e l s p a r i t e .
SB I 0 Y R 4 / 2 4 S e e  4 3 .
SB I 0 Y R 7 / 4 S e e  37.
; S B I 0 Y R 7 / 4  BRN 9 0 S i l t y  O o l o m i t e ,  Q u a r t z  f i n e  s i l t y  ( 5 % ) ,  d o l o m i c r i t e .
3 4  SB I 0YR 4 / 2 BR N  9A Si l ty  L i m e s t o n e ;  B r a c n i o p o d  f r a g me n t ( i O %) ,  c r i n o i d  fraf lment  ( 3 % ) ,  e c h i n o i d  f r a g m e n t  ( 1 % ) ,
e n c r u s t i n g  a p t e r i n e l l i d  and b l u e  g r e e n  a l g a e  ( 3 °/o),  p e l m i c r i t e  i n t r a c l a s t  ( 3 % ) ,  q u a r t z  s i l t y . [ 5 % ) ,  
s p a r r y  ( 2 5 ° / o ) ,  b u r r o w e d ,  b i omi c r i t e .
31.3  SB i l OYR6/ 6 .  IOA-C S a n d s t o n e ;  M i c r i t e  c e m e n t e d  ( 2 0 % ) ,  f i n e  to medium g r a i n e d ,  s u b r o u n d  t o  s u b a n g u l a r ,  Q u a r t z  
S a n d s t o n e .3c sb " 
2 9 -9 S B  N 6
IOA-C S e e  3 1 . 3  
S e e  2 8 .
S B N 6  BRN 1-2 L i m e s t o n e - ,  S t r o p h o m e n i d  b r a c h i o p o d  ( 3 5 % ) ,  c r i n o i d  f r a g me n t ,  e c h i no i d  f r a g m e n t  ( l° /o ) , p a c Ke d  
b i o m i c r i t e .
2  S a n d y  L i m e s t o n e ;  Br ac h i opo d  f r a g m e n t ( 2 0 °/o ), o s t r a c o d  f r a g m e n t  ( l° /o ) ,  c r i n o i d  f r a g m e n t ( 2 0 ° /o ) ,
e n c r u s t i n g  a p t e r i n e l l i d  and blue  g r e e n  a l g a l  (15  °/o ), mi l l er e l  l id (T ), q u a r t z  f i n e  s a n d y  (IO °/o ), pa c Ke d ,  
e n c r u s t e d ,  f r a g m e n t a l  b i o m i c r i t e .
4  L i m e s t o n e ;  O s t r a c o d  ( l5 ° /o ) ,  bored and b ur ro wed ,  p e l s p a r i t e .
TS I 0 Y R 4 / 2  
TS I 0 Y R 4 / 2  
SB " 4  S e e  2 6 .
21  SB I 0 Y R 6 / 2  BRN 2  S e e  2 0 .
20 TS I 0 Y R 6 / 2  BRN 2  L i m e s t o n e - ,  S t r o p h o m e n i d  b r a c h i o p o d  ( 4 0 % ) ,  cr i no i d  f r a g m e n t  ( IO°/o) ,  e c h i n o i d  f r a g m e n t  ( 2 % ) ,
m i l l e r e l l i d  ( l ° / o ) ,  e n d o t h y r i d  ( l ° / o ) ,  p a c K e d  b i o m i c r i t e .
| 8  S B  I 0 Y R 6 / 2  BRN 2  S e e  2 0 .
J_J 1
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73
T S  ' N 1 
T5
B L K |3 B  
BLK' 3 B
L i m e s t o n e ;  Brach iopod  fragmeriT(2%)  
q u a r t z  f i n e  s a n d y  ( 2 % ) ,  m i c r i t e .  
S e e  92
TS BLK 3 B S e e  9 2
TS :l BLK 3 B "See 9 2
T S  " BLK 3  B S e e  9 2 .
ELK 3 B  Se e  9 2
: TS I0YR 7 / 4  
TS 10YR 4 / 2
II \mi&
TS 10YR 7 / 4  
SB





Dolomitic S a n d s t o n e  Mi crite  (d oi om il e)0O % ),a nd  s i l i c a c e m e n t e d  ( 4 0  % ),  mat algal  and pel letal  i n t r a c ia s t( I O % ) ,  f ine to  
medium g r a i n e d ! . 0 3 ’-  2 4 m m ) ,  su br o un d  t o  s u p a n g u ia r ,  Dimodaliy s o r t e d ,  h e m a t i t e ,  c n e r t ,  Q ua r tz  S a n d s t o n e ,  
L im e s t o n e - ,  o s t r a c o d ( 5 % ) ,  l a m i n a t e d ,  s p a r r y  ( 5 % ) ,  birds e y e  t e x t u r e ,  mat a ig a l  b i o l i t h i t e .
S a n d s t o n e -  Micrite  c e m e n t 6 d ( 2 5 % ) ,  i n f r a c l a s f l  i O % ) ’ f ine gr ained ).  0 8 - I S m m l s u o r d .  to  s u b a n g . , Q u a r t z  S a n d s t o n e  
L i m e s t o n e ,  o s t r a c o d  (10% ) ,  l a m in a t e d  b i r d s - e y e  t e x t u r e ,  s p a r r y  ( 5 % ) ,  mat a lg a l  b io l i th i te .
S e e  75,
S e e  75 .
SB
IOC S a n d s t o n e ,  D o lo m ic r i te ,  micr ite  ond s i l i c a  c e m e n t e d  ( r e l i c t  o v e r g r o w t h s ) ( 2 5 % ) ,  f in e to medium g r a i n e d ( . 0 8 - . 2 4 m m ) ,  
subr ound  t a  s u b a n g u i a r ,  h e m a t i t e , c h e r t ,  bim od ai iy  s o r t e d ,  Q u a r t z  s a n d s t o n e .
IOC S e e  7 5
S B  10 YR 5 / 4  BRN 13 Dol om ite ,  B r a c h i o p o d  f r a g m e n t  ( 2 % ) ,  p h o s p h a t i c  f r a g m e n t  ( 2 % ) ,  d o l o m i c r i t e .
■SB I 0 Y R 4 / 2  BRN 13 S e e  6 9
T S  I 0 Y R 4 / 2  BRN 13 S a n d y  L i m e s t o n e ,  B r a c h i o p o d  f r a g m e n t ( 5 % ) ,  r e c r y s t a l l i z e d  p l a n t  f r a g m e n t 7 ( 5 % ) ,  o s t r a c o d  f r a g m e n t ( l % ) ,
c r ino id  f r a g m e n t ,  q u a r t z  f i n e  s a n d y  ( 3 % ) ,  m i c r i t e .






4 5  -
S B  I 0 Y R 2 / 2  4  L ' m e s t o n e ,  O s t r a c o d  (10% ) ,  b ur ro w e d  p el m ic r ite .
, SB I 0 Y R 7 / 4  1 i o b  S a n d s t o n e ,  M ic ri te  c e m e n t e d  ( 4 0 % ) ,  b r a c h i o p o d  f r a g m e n t  ( 2 % ) ,  o s t r a c o d  f r a g m e n t  ( 2 % ) ,  a lg a l  Plate  ( 5 % ) ,
! m i c r i t e  c o a t e d  s u b a n g u i a r  t o  s u b r o u n d , f i n e  to m e d iu m  g r a i n e d ,  blacK m i c r i t e  i n t r a c l a s t  ( 2 % ) ,
! Q u a r t z  S a n d s t o n e .
: SB IOB S e e  5 4 . 5
T S  I O Y R 4 / 2  BRN 7  L im e s t o n e ,  C o a t e d  algal  p l a t e s ( 2 5 % ) ,  e n c r u s t i n g  c p t e r in e l l i d  and blu e g r e e n  a l g a e ( 2 0 % ) ,  r o u n d e d j  m ic r it e
c o a t e d  i n t r a c l a s t  and  " l um ps"  ( 3 0 % ) ,  m i c r i t e  c o a t e d  q u a r t z  f i n e  s a n d  ( 3 % ) ,  p s e u d o  -  o o s p a r i t e .
S B  " BRN 7  S e e  5 2 .
' s b  I 0 Y R 4 / 2  13 L ' m e s t o r e ;  B r a c m o p o d  ( i 5 % ) ,  e n c r u s t i n g  a p t e r i n e l l i d  ( 1 0 % ) ,  c l a y e y ? ’, b i o m i c r i t e .
, S B  I 0 Y R 6 / 2  
It s  I0 YR 6 / 2
13 S e e  4 5 .
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i TS N I BLK 3 B  L i m e s t o n e ; B r a c m o p o d  f r a g m e n t  (10 % ) ,  o s t r a c o d (5 % ) ,  c r i n 01 d f r a g m e n t  (10% ) ,  e c h i n o i d  f r a g m e n t  ( 2 °/o) ,  
algal  p l a t e s  (I % ) ,  e n c r u s t i n g  a p t e r m e i U d s  a n d  b l u e - g r e e n  a l g a e  ( 5 % ) ,  s p i n e  b e a r i n g ,  q u a r t z  
s u t y ( i % ) ,  c n u r n e d  f r a g m e n t a l  m i c r i t e .
,TS N I 
, TS N I 
j TS 5 YR 3 / 2
j S B  . 5 Y R 3 / 2
S B 10 YR 4 / 2
B L K 3 B  C l a y e y  L i m e s t o n e ,  B r a c h i o p o d  f r a g m e n t ( 2 e/ p),  a p t e r i n e l i i d ( 2 % ) ,  o s t r a c o d ( i % ) ,  p l a n t  f r a g m e n t ) 7 ),
p n o s p n a t i c  f r a g m e n t s  ( 2  % ) ,  "w or m  t u b e s  7 ( i % ) ,  c l a y  ( 4 0 % ) ,  m i c r i t e .
5  L im e s t o n e ^  o s t r a c o d  (10 % ) ,  l a m i n a t e d ,  m a t  a l g a l  b i o l i t h i t e .
I0A S a n d s t o n e ;  M ' c r i t e  ( 4 0 % ) .  a n d  s i l i c a  c e m e n t e d ,  s u o r o u n d  to  s u b a n g u l o r ,  f i n e  t o  m ed iu m g r a i n e d ,
h e m a t i t e ,  Q u a r t z  S a n d s t o n e .
5  L i m e s t o n e ;  o s t r a c o d  ( 15% ) ,  p e i s p a r i t e - f i i i e d  D u r r o w s ( i o % ) ,  l a m i n a t e d ,  q u a r t z  t i n e  s a n d y  ( 3 0 % ) ,  mat  
aigai  b i o h t n i t e .
4  L i m e s t o n e ;  o s t r a c o d  f r a g m e n t  ( 2 % )  b l u e - g r e e n  a l g a l  f r a g m e n t  ( 5 % ) ,  p e l m i c r i t e  i n t r a c l a s t  ( 2 5 % ) ,  
s p a r r y  ( 5 % ) ,  q u a r t z  f i n e  s i l t y  ( l % ) ,  b u r r o w e d  p e l m i c r i t e .
4  L i m e s t o n e ,  O s t r a c o d  ( 3  ° /o) ,  s p a r r y ( 5 % ) ,  b u r r o w e d ,  q u a r t z  s i l t y  ( 3 % ) ,  p e l m i c r i t e .
4  S e e  2 6
I T S '  I 0 Y R 4 / 2  bRN I L i m e s t o n e ,  B r a c h i a p o d  f r c e m e n t ( 15% ) ,  cr in oid  f r a g m e n t  ( l O ° / o ) ,  o s t r a c o d  ( 2 0/o), at  f e r i n e  11 id ( 5 % ) ,  
e n d c t r  y r id  ( 2 % ; ,  s p i n e  b e a r i n g ,  q u a r t z  s i i t y ( ! % ) ,  c h u r n e d  m i c r i t e .
4
BLK 3A
: S  B : N II
' S B  >  I
: SB N I 
: SB  I 0 Y R 2 / 2  
; SB  I 0 Y R 2 / 2  
| S B  I 0 Y R 2 / 2  
; SB  I 0 Y R 2 / 2
■TS I 0 Y R 2 / 2  
i S B  ■
!S B  I0 Y R 6 A 2
i
ITS 10 YR 4 / 2
i
; S B  . I 0 Y R 4 / 2
T S  . I 0 Y R 6 / 2  BRN 4
T S  j N I | BLK 3 A
3  A 
4
L i m e s t o n e ,  o s t r a c o d ( 1 0 % ) ,  s p a r r y  ( 1 0 % ) ,  l a m i n a t e d ,  ma t a l g a l  b i o l i t h i t e .
L i m e s t o n e ;  B r a c h i o p o d  f r a g m e n t ( i 5 % ) ,  cr in oi d  f r a g m e n t ( i o % ) ,  b r y o z o a n  f r a g m e n t ( 5 % ) ,  e c h m a i d  fr ag .  ( 2 ° /o ) ,  
a p t e r in e l l i d  ( 1% ) ,  s p i n e  b e a r i n g ,  o s t r a c o d  f r a g . ,  p h o s p h a t i c  f r a g . ,  q u a r t z  s i l t y ( l % ) ,  f r a g m e n t a l  b i a m i c r i t e .
S e e  13.
S e e  10 
s e e  10
L i m e s t o n e ;  o s t r a c o d ( 3 0 % ) ,  p e l m i c r i t e  i n t r a c l a s t ( i 5 % ) ,  l a m i n a t e d ,  q u a r t z  s i l t y  ( i ° / 0) ,  m a t  a l g a l  b i o l i t h i t e .  
L i m e s t o n e ;  o s t r a c o d  f r a g m e n t  ( 5 % ) ,  m i c r i t e  i n t r a c l a s t  ( 1 0 % ) ,  s u p e r f i c i a l  o o l i t h  ( 1 0 % ) ,  b r a c h i o p o d  
a n d  c r i n o i d  f r a g m e n t  ( 5 % ) ,  p e l l e t a l ,  s p a r r y ,  b i o m i c r i t e .
L i m e s t o n e ,  0 s t r a c o d ( 3 0 ° / o ) ,  b r a c h i o p o d  f r a g m e n t  ( 3 % ) ,  p h o s p h a t i c  f r a g m e n t s  ( 2 % ) ,  b lu e g r e e n  a l g a l  
f r a g m e n t  ( 2 0 % ) ,  i n t r a c i a s t i c ,  q u a r t z  s i  1 f y  ( 5 % ) ,  p e l s p a r i t e .
S e e  s
L im e s to n e - ,  B r a c h i o p o d  fr ag.  (5 % ) ,  c r i n a i d  frag.  ( 1 0 % ) ,  e c h i n a i d  fr a g .  (I % ) ,  b r y o z a a n  f r a g . ,  a s t r a c o d  f r a g . ,  
s p in e  b e a r i n g , a p t e r i n e l l i d  (1 % ) ,  c o m p a c t e d  p e l l e t a l  (’ ) ,  s p a r r y  ( 2 0 % ) ,  q u a r t z  s i l t y  ( 2 % ) ,  c h u r n e d ,  m i c r i t e . ’
Do lomitic  l i m e s t o n e ;  O s t r a c o d (1%),  mat a l g a l  e n d  p e l m i c r i t e  i n t r a c i a s t ( 4 0 % ) ,  d o l o m i t i c  ( 1 0 % ) ,  q u a r t z  
Si i t y  ( 3  % ) ,  p e l m i c r i t e .
L i m e s t o n e , O s t r a c o d  ( 1 0 % ) ,  p h o s p n a t i c  s h e l l  frag (I % ) ,  l a m i n a t e d ,  s p a r r y ,  p e l l e t a l ,  q u a r t z  s i l t y  ( 3 % ) ,  
m a t  a l g a l  b i o l i t h i t e .
D ol om iti c  l i m e s t o n e ;  B r a c h i o p o d  f r a g m e n t  ( 5 % ) ,  b r y a z o a n  fr a g .  (1 % ) ,  o s t r a c o d  ( 3 % )  c r in o id  t r a g m e n t ( 5 % )  
e c h i n o i d  fr ag.  ( 1% ) ,  s p i n e  b e a r i n g ,  b u r r o w e d ,  d o lo m it i c  ( 2 0 % ) ,  c o m p a c t e d  p e l m i c r i t e .  ’
L i m e s t o n e ,  P r o d u e t i d  o r a c n i o p o d  ( 1 0 % ) ,  c r ino id  f r a g m e n t ( i o % ) ,  e c h i n o i d  f r a g m e n t  ( I %),  b r y o z o a n  
f r a g m e n t  ( 1 % ) ,  s p i n e  b e a r i n g ,  f r a g m e n t a l  m i c r i t e .
PLATE 8
SECTION 12
CENTER OF SE 1/4 NE 1 /4 ,  SECTION 3 4  
T - I 4 - S  R - 9 - W ,  M.P.M.
WILLIAM J. STRl CKLER  
19 7 2
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'57
SB I 0 YR 4 / 2 ;  4  L i m e s t o n e - ,  O s t r a c o d  ( 2 % ) ,  c o m p a c t e d  p e l m i c r i t e .
2 - V- 3  S B I 0 Y R 4 / 2  
2-*^ S B  I 0 Y R 7 / 4
/ ' / / . /  " S p 2 3  S B  I 0 Y R 7 / 4
/ p  SB I 0 Y R 7 / 4
/ 5  SB 1 0 Y R7 / 4
S B  I 0 Y R 4 / 2
5  L i m e s t o n e - ,  o s t r a c o d  ( 1 0 % ) ,  l a m i n a t e d , b l r d s - e y e  t e x t u r e ,  mat  a l g a l  b i o l i t h i t e .
IOC s a n d s t o n e - ,  M i c r i t e  c e m e n t e d  ( 2 0 % ) ,  p e l m i c r i t e  i n t r a c l a s t  ( 5 % ) ,  t i n e  t o  m e d i u m  g r a i n e d ,  
s u b r a u n d  ta s u b a n g u i a r ,  Q u a r t z  S a n d s t o n e .
IOC S e e  19.
IOC S a n d s t o n e ;  Mi c r i t e  c e m e n t e d ( 2 0 % ) ,  t i n e  to  medi um g r a i n e d ,  s u b r a u n d  t a  s u b a n g u i a r ,  Q u a r t z  
S a n d s t o n e .
S e e  19.
13 S and y  Limest one-  S i l t y  mi c r i t e  i n t r a c l a s t  ( 2 °/o), b r a c h i o p o d  f r a g me n t  ( i % ) ,  a l ga l  p l a t e  ( i % ) ,  
e n c r u s t i n g  b l u e  g r e e n  a l g a l ,  d o l o m i t e  ( 1 0 % ) ,  q u a r t z  f i n e  s a n d y ,  m i c r i t e .
10-





7 L i m e s t o n e ;  B r a c h i o p o d  f r a g m e n t  ( 10%) ,  cr inaid f r a g me n t  ( 5 % ) ,  a l g a l  p l a t e  ( 1 5 %) ,  o s t r a c o d  ( 3  % ) ,  
a p t e r i n e l l i d  (2% ), e n c r u s t i n g  b l ue  g r e e n  a l g a  I ( 5 % ) ,  s p i n e  b e a r i n g ,  b u r r o w e d , s p a r r y  ( 1 0 % ) ,  micri te .
7  S e e  6.
5  L i me s t o n e - ,  O s t r a c o d  (10 °/o), l a m i n a t e d , s p a r r y  ( 2 0 % ) ,  ma t  a l g a l  bio l i t  hi te .
5  S e e  4 .
4  1 S e e  O.
S B 10 YR 4 / 2
S B "
SB I 0 YR 4 / 2 .
S B ! "
S B I 0 Y R 4 / 2




A P P R O X IM A T E  SW 1/4 NW 1 /4  SW 1 /4 ,  S E C T IO N  2 7  $  —
T - I 4 - S  R - 9 - W ,  M.P.M.
WILLIAM J. S TRl CKLER  
1 9 7 2
PLATE 10
SECTION 10 AND IOA
APPROXIMATE CENTER OF NE 1/4, SECTION 2 8  
T- 14*S R - 9 - W ,  M.P.M.





SB ICYR4/2BRN 4  L im es to ne - ,  Os tr a c od  (5 %) ,
SB 10YR7/4  BRN 7  L im e s t o n e ,  Aloal p la te  ( 1 0 % ) ,  p e l l e t o l ,  s u pe r f ic ia l  oo l i t h  ( 7 5 % ) ,  sp ar i te .
SB I0YR 7/4  BRN 9 A  5 1 i ty  L i m e s t o n e ;  Brac hio pod  f r a g m e n t  (1 % ) ,  cr ino id  fra gme nt  ( 1% ) ,  a p t e r i n e l l i d ,  q u a r t z
s i l t y  (5 % ) ,  fr a g m e nt a l  b io m ic r i t e .
7 5 -
SB N 1 -3  S B -  Silty Lift e s t i ’-nef B r a c h i o p o d  f r a g m e n t  (5 °/o),  cr inoid  f r a g m e n t ( 3 % ) ,  a p t e r in e l l id  ( 2 % ) ,  ec hinoid
9A f r ag m e n t  ( I % ) ,  q u a r t z  s » i t y  ( 1 0 % ) ,  f r o g m e n t a l  b i o m i c r i t e .
SB " BRN 9 A S e e
7 0 -
C-8 ” BRN 9A  S e e  77 .
SB 11 BRN 9 A S e e  77.
SB I0Y R6/6
SB I0 Y R 8/ 2  1 0 A . S o n d s t o n e ,  Micr i te  ce m e nt e d ( 1 5 % ) ,  f in e  to  medium g r o i n e d ,  an g u l a r  to  s u b a n g u i a r ,  well  s o r t e d .
Quartz  S o n d s t o n e .
SB 10 YR 6 / 2  4A Sandy Limestone- , Pe l le ta l  (10%),  ap te r i ne l  I id ( I %),  o s t r a c o d  frag  m e n t ,  peim icr  i t e  i n t r a c l o s t ( l % ) ,




5  B 10 Y R 4/ 2  




4 A San dy L i m e s t o n e ,  s p a r r y ( 5 % ) ,  bu rr ow ed ,  pe lmic r i te  m r r a c i a s t d %),  q u a r t z  f in e  s a n d y ( 5 % ) ,  
pelmicr i te ,
4  Sandy Limestone- , o s t r a c o d ( 1 5 % ),  s p a r r y  ( 15% ),  q u a r t z  f i n e  s a n d y  ( 1 0 % ) ,  b u r r ow ed ,  pa r t ly  
c o m p a c t e d  p e l m ic r i t e .
4 A Sandy L im e s t o ne ;  o s t r a c o d  f r a g m e n t ( 3 0 % ) ,  qu a rt z  f ine  s a n d y  ( 3 0 % ) ,  rounded p e l m i c r i t e  
m t r a c l a s t  (2 0 % ) ,  pe lm ic r i t e .
4  L im e s t o n e ;  o s t r a c o d ( 2 % ) ,  br ac hiopod f r a g m e n t ( i % ) ,  p a r t l y  c o m p a c t e d  p e l s p a r i t e .
Li m e s t o n e ,  O s t r a c o d ( 2 0 % ) ,  s p a r r y ,  lam inated,  mat  a lga l  b io l i t h i t e .  
S e e  5 4 .
SB N 1 BLK 3B : S e e  4 3 . 5
5 B " BLK 3B 5 e e  4 3 . 5
SB " BLK 3B S e e  4 3 . 5
TS N I BLK 3B Limestone^ B r a c n l o p o d ( 2 0 % ) ,  e n c r u s t i n g  a p t e r i n e l l i d  ( 1 5 % ) ,  cr inoid fra gm en t  ( 3 % ) ,  s p in e
b e o r i n g ,  g a s t r o p o d s ,  p h o s p h a t i c  f r a g m e n t s  ( 2 % ) ,  l a m i n a t e d  tan and bl a c k  m ic r i t e ,  l o c a l l y  
bu r r ow e d,  q uo rt z  f i ne  s a n d y  ( 3 % ) ,  b io m ic r i t e .
SB " BLK 3B  S e e  4 3 . 5
TS Nl BLK 3 B  L im e st o n e ;  B r a c h io p o d  ( 5 % ) ,  e n c r u s t in g  ap te r in e l l id  ( 5 % ) ,  g a st r o p o d  ( 3 % ) ,  cr inoid f r a g m e n t  ( 2 % ) ,
f r a g m e n t e d  f o s s i l  h a sn  ( 10% ) ,  bu r r o w e d,  m o t t l e d ,  q u a r t z  f i ne  s o n d y ( 3 % ) ,  f r a g m e n t a l  
b i o m i c r i t e .
SB I0YR4/2BRN 3B S e e  3 9 .
TS I 0 Y R 4 / 2 b RN 3B Limestone;  Brac nio pod  ( 5 % ) ,  e n c r u s t i n g  a p t e r i n e l l id  ( 5 % ) .  cr inoid f r a g m e n t s ,  o s t r a c o d  fr agm en t
(1 % ) ,  m ot t le d  and la m in a t e d  mat  a i g a e ( ? ) ,  brown and b l a c k , quar tz  f i n e  s a n d y ( 3 % ) ,  b i o m ic r i t e .
SB " BRN 3B s e e  3 9 .
SB N 
TS N 1
BRN 3  8  5 e e  39 .
BLK 3 B  Lim estone ,  Bracniopod fr a g m e nt ( i O °/ o ) ,  br yozoan fragment  (2 % ),  phospnat ic  f r a g m e n t ( 5 % ) ,  cr inoid  
f r a g m e n t  ( 5 % ) .  e c h in o id  f r a g m e n t ( 2 % ) ,  e n c r u s t in g  blue  g r e e n  a lgae  ( 5 % ) ,  ap te r in e l l i d  ( 2 % ) ,  
qu a r t z  f i n e  s i l t y ( i % ) ,  b i o m i c r i t e .
BLK 3B S e e  33.
BLK 3B L i m e s t o n e ,  Br acniopod ( 2 0 % ) ,  e n c r u s t i n g  a p t e r i n e l l i d ( 3 5 % ) ,  u n i d e n t i f i e d  h o r iz o n t a l  a lg a l  m a s s
( 3 0 % ) ,  cr in oi d  fr a gm en t  ( 1 0 % ) ,  p a c k e d  fo r a m i n i f e r a l  -  a lg a l  con so rt ium.
TS Nl  BLK 3 B  L im e st o ne ;  A pt e r i n e l l id  ( 1 5 % ) ,  b r a c hi o po d f r a g m e n t  ( 2 % ) ,  m ic r i t e .
SB N 1 
T 5  N I
5B Nl BLK 3 B  Limestone;  A pt er ine l l i d  ( 2 0 % ) ,  ch ew e d f r a g m e n t ( 15% ) ,  micr i te .
S am p le s  in s o i l  in d i c a t e  3 B .
’̂ 3”■3
■ /3 . 5~
i f Z
SB 5 Y R 2 / I
TS
5  L i m e st on e ;  O s t r o c o d ( 3 0 % ) ,  algo! p l a t e ( 2 % ) ,  in s i t u  mot  a lg a l  in t r a c l a s t  ( 1 0 % ) ,  s p a r r y ,  mat 
oi go l  b io l i t h i t e .
SB II0YR4/2 4  S e e  14.
TS | iOYR4/2  4  L im es to ne;  o s t r a c o d ( I O % ) ,  b lue  green a lgal frag men t  ( 15% ) ,  pe l m ic r i te  i n t r a c l a s t  ( 5 % ) ,  s p a r r y ,
i i qu ar tz  f i n e  s a n d y  ( 3 % ) ,  p e l m i c r i t e .
SB | iOYR4/2 5  L i me sto ne - ,  o s t r a c o d  ( 2 0 % ) ,  la m i n a t e d , s p a r r y ( 3 0 % ) ,  mat a lg a l  b io l i t h i t e .
I0YR6/2BRN 6  Lim estone- ,  Phylloid a l g a i ( 6 0 % ) ,  br ac hi op od  f r a g m e n t  ( 1%),  e n c r u s t in g  ap te r i n e l l id  and blue green  
al ga e  ( 1 0 % ) ,  e n d o t h y r i d  (T) ,  mil lere l l id  (?), b iosparl te ,
TS 1 0Y R 4 / 2  
5B I 0 Y R 4 / 2  
TS ( 0Y R 4/ 2
5 L im e st on e;  o s t r a c o d ( 2 5 % ) ,  la m in at e d,  sp a r r y ,  mat  a l ga l  b i o l i th i t e .
4  L i m e s t o n e ;  O st ra co d ( 1 0 % ) ,  s p a r r y ( 3 % ) ,  f ine  q ua r t z  s a n d y  ( 3 % ) ,  p e lm ic r i t e .
5  Limestone-,  o s t r o c o d (1 5 % ) ,  la m i n o te d ,  b i r d s - e y e  t e x t u r e ,  sp ar ry  ( 2 0 % ) ,  mat a l g a l  b i o l i t h i t e .
0 - r Z4~5~
'■“7
SB 4  S e e  3.
SB " BRN 4  5 e e  3.
SB I0Y R 4/ 2  BRN 4  Limestone- , Brachiopod fragment  ( 5 % ) ,  cr in oi d  fragment  ( 5 % ) ,  ec hi no id  fragment  ( 2 % ) ,  s p in e
be ar ing ,  p e l m i c r i t e .
TS Nl  b l k  3A Li m e st o ne ;  Pr o d u e t id  bra chiopod (15% ),  crinoid frag me nt ( i5 %) ,  br yoz oa n f ra gm en t  (5 % ) ,  e c hi no id
f ra g m e nt  J 3  % V  e n c r u s t i n g  a p t e r in e l l i d  ( 3 % ) ,  p h o s p h a t i c  f r a g m e n t s  ( 1% ) ,  s p i n e  b e a r i n g ,  
r p a c k e d  b io m ic r i t e .
SB " BLK 3 A S e e  2.




BLK 3A 5 e e  2.
SB !5  Y 4 / 1  BRN 2 s a n d y  l i m e s t o n e ,  B ra ch iop od f r a g m e n t ( 5 % ) ,  o s t r a c o d  frag men t  ( i % ) a black micr i te  and 
p e lm ic r i t e  i n t r a c l a s t  ( 2 0 % ) ,  m ic r i t e  c o a t e d  f in e  s a n d  ( 3 0 % ) ,  m i c r i t e .




2 Lime stone- ,  B r a c h i o p o d  (1 5 % ),  cr in oi d  f r a g m e n t ( l 5 % ) ,  e c h in o id  fr ag m en t  ( 5 % ) ,  mil lere l l id  ( 3 % )  
en d o t h y r id  ( 3 % ) ,  o s t r a c o d  ( 3 % ) ,  b r y o z o a n  fra gm en t  ( 3 % ) ,  b o r in g  and e n c r u s t i n g  b l u e  g r e e n  
a ig ol  ( 1 % ) ,  s p i n e  b e a r i n g ,  c h u r n e d ,  p a c k e d  m ic r i t e .
S B j "  BRN 2 S e e  7.
\
- c *
SB j 11 BRN 2 S e e  7 .
SB ! " BRN-
1I :
2 ■ S e e  7.
V  ! TS j "  BRN: 2 | s e e  7.
— L 0 S B | lOYR6/2^BRN1__ .... L ... i
2  !. _ j
S e e  7.
PLATE I!
S E C T IO N  9
APPROXIMATE NW 1/4 NW 1/4 NE 1/4,  SECTION 2 8  
T - I 4 - S  R - 9 - W ,  M.P.M.
WILLIAM J.  STRl CKLER  
1 9 7 2 557.
PLATE 12
SECTION 8 AND 8A
APPROXIMATE CENTER OF SW 1/4 SW 1/4 , SE C TIO N  21
T - I 4 - S  R - 9 - W ,  M.RM.
WILLIAM J.  STRl CKLER  
1 9 7 2




1 X  0) ' 
: a  cl 
• o  >v
10 YR6/ 6  ̂ IOA DolomiTic Sandstone;  Dolomicrite and s i l i ca ce me nt e d  ( 1 0 % ) ,  t i ne  to medium Qrained ( . I 5 - . 2 5 mm) ,  wel
I i
I SB 10 YR 4 / 2  !
s o r t e d , r o u n d  to subround,  nemat i f e ,  cher t .  Quartz S and s t on e .
4 - 5  L i m e s t o n e ;  Brachiopod fragment  (1%) ,  burrowed,  s par ry  ( 1 0 %) ,  mat a l g a l ( 2 5 % ) ,  part l y  c o mp a c t e d  
p e l m i c r i t e .
S i l t y  Li mes t one ,  encrus t i ng  Calci tornett id (IO°/o), o s t r ac o d  ( 3 % ) ,  brachiopod fragment ( l%>) ,  crinoid (i°/o)  
SB lOYR 2 / 2  BRN 9A and e c h i n o i d ( i ° / 0) f r a g me n t ,  algal  p l a t e  ( 3 % ) ,  blue g r e e n  algal  f r agme n t  ( 6 0 % ) ,  d i s c o n t i n u o us l y  
l ami nat e d,  q ua r t z  s i l t y  (6 % ) ,  bur rowed ,  f ra g me n t a l  mi cr i t e .
BRN 9 A  Sitty L i m e s t o n e ;  s e e  131.4i SB
I t s  1 5  y  7/2 5 Li me s t one ;  s i l t y  micri te  i ntrac las t  (1%),  l a m i n a t e d ,  q u a r t z  f i n e  s a n d y ( l % ) ,  Mat algat  b i o l i t h i t e .
125- )Z4.5
SB 10 YR 2 / 2  BRN 9A
■ SB " I
SB 10YR 4 / 2 j  5
SB i 5
;TS 5  YR 3 / 2 1 4
TS  I 0 YR 6 / 2  BRN 9 A  
.TS . " : :
TS I 0 Y R 5 / 4  
TS iOYR4 / 2
Silty Limestone;  Apter i ne l l i d( i 5° / o ) ,  brachiopod f r a g m e n t ( I% ) ,  o s t r a c o d  ( i % ) ,  echi no i d  spine bearing,  
quart z  s i l t y  ( 5 % ) ,  mi c r i t e .  127 -  s a me  a s  1 2 7 . 5  
Limestone- ,  l a m i na t e d ,  s p a r r y ,  mat a l ga l  biol i thi te.
Limestone;  s e e  126 . 5
Limestone -, Bracmopod f ra g m e n t ( 3 % ) ,  Apt er ine l t id(2° /o) ,  mat atgal f rcg . ( 25%) ,  s pa r r y  pelmicri te .
Si lty Limestone;  Brachiopod f ragment  ( 5 % ) ,  o s t r a c o d (  I ° /0), apt er i ne l l i d  (3 ° /0), c n n o i d  f r agme n t ,  
echinoid f ragment ,  c h u r n e d ,  s p a r r y  ( 2 0 % ) ,  q ua r t z  s i t t y  ( 5  % ) ,  m i c r i t e .  1 2 4 . 5 -  s e e  125.
Sandstone; Micrite and s i l i ca c e m e n t e d ( 2 0 %) ,  apterinel l id(IO%),  o s t ra c o d  f r ag . ( 3%) ,  a lgal  plote ( i %) ,  
micrite int rac l as t (3%) ,  f ine to medium g ra i ne d ( . 0 8 - . 24mm),  subround to subang .  Quart z  s a n d s t o n e .  
5  Limestone;  Os t r ac od ( 4 0 % ) ,  s pa r r y ,  laminated,  quartz s a n d y ( 3 % ) ,  mat algal  b i o l i t h i t e .
120 S B  I 0YR8/ 2; S e e  117.
TS I 0 Y R 8 / 2 ' IOC Sands t one- ,  Mi cri t e  a n d' s i l i c a  c e m e n t e d  ( 1 5 % ) ,  f i n e  t o  me d i u m g r a i n e d ,  s ub r o u n d  to s ubangui ar ,  
bimodal ly  s o r t e d ,  c n e r f ,  Q u a r t z  s a n d s t o n e .
115—“ TS lOYR 8 / 2  ! IOC Sands t one  Micri te  cement ed ( 2 5 % ) ,  apterinel l id ( 3 % ) ,  s i l t y  micri te  i n t r a c l a s t  (5  % ) ,  f ine to medium
grained ( 0 5 - . 24mm),  bimodally s o r t e d ,  subround to  subangui ar ,  c n e r t ( 2 %) ,  l e uc o x e n e ,  Quartz sandstone.
TS 10 YR 6 / 2  5  Limestone,  O s t r a c o d (10%),  sparry,  l ami nated, q ua r t z  s i l t y  ( 3%) .  mat algal  bioi i tni te .
SB 10YR6 / 2  4  Limestone;  Ostracod( l o° /o) ,  quartz  s i l t y (3%) ,  s parry( l O%) ,  partly c o mp a c t e d  p e l m i c r i t e .
;TS 5 YR5 / 2  5  Limestone;  Ost rac od  ( 3%) ,  l ami nated,  s pa r r y ,  b i r d s - e y e  t e x t u r e ,  mat  algal  b i o l i t h i t e .
,TS " 5  S e e  III.8
110- ITS ;I0YR 7 / 4  IOB Dolomitic s an d s t o n e ;  dolomicri te  cement ed,  si i ty micri te  i n t r a c l a s t ( 5 % ) ,  c o a r s e  s i l t - f i n e  sand grained  
( . 0 3 - . 15mm),  angul ar  to subanguiar,  bimodatty s o r t e d ,  c h e r t  ( 2%) ,  h e m a t i t e ,  l e u c o x e n e ,  quartz sands t one .
SB IOB S e e  110.3
105-






I 0 Y R 4 / 2
5 Y 4/1
TS 5 Y 4/1
TS I 0YR4/ 2
IOB S e e  110.3
13 Dolomitic Limestone;  os tracod( i%) ,  apterinellid 0%) ,  brachiopod fragment ( 2%) ,  crinoid f ragment  ( i%) ,
discont inuous ly  laminated,  quartz si l ty ( l%),  dolomitic (5%),  c l a y e y  micri te.
13 Dolomitic Limestone;  Quart z  s i l ty  U%),  burrowed,  dolomitic ( 4 0 %) ,  micrite.
13 Si l ty dolomite;  brachiopod fragment ( 5 %) ,  c a l c i t i c (5%),  quartz fine s i l t y ( 5 %) ,  dolomicri te.
13 Sandy dolomitic Limestone;  Quartz si t ty to  f ine s andy  (10%),  dol omi t i c  ( 2 0 %) ,  micri te.
1 4 - 7  Sandy dolomitic Limestone;  Ost rac od  f ragment ( l%) ,  rounded i n t r a c l a s t ,  p e l l e t a l ,  dolomitic (10%) ,  q u a r t z  
s i l t y  to f ine  s a n d y ,  i n t r a p e l s p a r i t e .
9 5 - l SSJJ . VJJ .T
~  :jjs j
9 0
rs 10YR8/2
TS 5Y 7 / 2
;. TS : 5  Y 6 / 1
I t s  1 mi
tOB Sa nds tone;  Micrite and sil icafrel ict overgrowths )  cement ed,  silty micri te i n t r a d a s t ( 2 % ) ,  trimodatty s o r t e d ,  
f ine to medium g r a i n e d (.0 2 - . 30mm),  angular to s ubround,  cher t ,  ptagioclase ,  m a g n e t i t e , q u a r t z  s a n d s t o n e .
tOB S a n d s t o n e ;  Micrite cemented (3 0 %),  si l ty andpel t e t a l  micri te  i n t r a c l a s t ( 2 0 %) ,  trimodal ty s o r t e d
( .26mm -  , 18mm - , 0 7 8 m m ) ,  f ine  to medium grained,  subround to angular,  cher t ,  piag i oc i as e ,  tourmal ine,  
l e u c o x e n e ,  Q u a r t z ( 7 0 % ) Sandst one.  9 2  -  s e e  93.
: S e e  93 .
S a ^  Li| i if^tonei^p(̂ terineil |d(5%),  os t racod( 3%) ,  crinoid and echinoid frag. (5 %),  phylloid algal (40%),  quartz fine
0 | " — -------------- crinoid f ra g m e n t ( 5 ° y' **'-------   *------------
s p a r r y ,  b i o m i c r i t e .
. sanayiD '^oJ, ciomi-uMTe- ,
3R, -  Limestone;  Bracniopod( 60%) ,  encr us t i ng  apteri ne l l i d(3%) ,   %) ,  echinoid fragment ( 3 0/ o), 
phylloid algal  plate ( 4 0 % ) ,  q u a r t z  f i n e  s a n d y  ( 5 % ) ,
85-4
8 0 -1 ■So SB 10 YR4/ 2  bRN 9 A  ■ Sandy dolomitic l i me s t one ,  Brachiopod f ragment ( 5%) ,  o s t r a c o d  fragment  ( 10%),  cr inoid f ragment  ( 5 % ) ,  
e c h i n o i d  f ragmenf  ( 2 % ) ,  algat p l a t e  ( 10%) ,  i n t r a c l a s t i c  ( 5%) ,  quar t z  f ine sandy i 5 %) ,  do l o mi t i c  ( 15%),  
biomicrite.
; SB I 0 Y R 4 / 2  BRN 9 A , Dolomitic Limestone;  Brachiopod fragment  (5%),  os t racod(2%) ,  dotomitic(20%),  laminated, s par ry  ( io%) ,mi cri te .  
■ SB lOYR4 / 2  BRN 9 A  Sandy dolomitic Limestone;  o s t r a c o d  f ragment ( 2%) ,  blue gr e e n  algal  f r agme n t  ( 1 0 % ) ,  dolomit ic ( 2 0 % ) ,  
j . q u a r t z  f i ne  s a n d y ,  s p a r r y  ( 15% ) ,  micri te .
75-
v y
ITS I 0 Y R 4 / 2  BRN 9 A  Dolomitic silty Li mes t one ,  Brachiopod f ra gment ( 5%) ,  ostracod f r a g me n t ( 5 %) ,  crinoid fragment  ( 5 % ) ,
I unidenti f ied shet t  fragments  ( 5%) ,  quar t z  s i t t y ( 5 %) ,  dolomi t i c( lo%) ,  l ami nat e d, mi cr i t i c  b i o s p ar i t e .
i SB I 0 Y R 4 / 2  BRN 9A Dolomitic silty Limestone;  Unident i f i ed s he l l  f ragments  (1%), crinoid f ragment ,  dolomitic ( 2 0 % ) ,  quartz
: t s i l ty ( 3 0 %) ,  micrite.
I; SB 10 YR 2 /2  BRN 9 A  Dolomitic Silty Li mes t one;  Ostracod frag.(i%),  she l l  f r a g . ( 2%) ,  dolomitic ( 3 0 %) ,  quartz s i l ty  (10%),  micri te.
] S b I 0 Y R 2 / 2 8 R N  9 B  S i I t s f o n e ,  micri te c e m e n t e d (40%),  angular,  quar t z  s i l t s t o n e .
7 0 —I
- 6 9 SB 10YR5 / 4  BRN 9 A  ! Silty L'mesfone- ,  q uar t z  s i l t y ( l O % ) ,  mi c r i t e .
65-
■6r.S j SB t o  Y R 4 / 2  BRN 9A j Sitty Limestone- ,  q u a r t z  s i l t y  ( 3 % ) ,  mi c r i t e .
; SB 10 Y R 4 / 2  BRN 4  ) B r e c c i a t e d  L i m e s t o n e ;  u n f o s s i l i f e r o u s ,  s t r u c t u r e l e s s ,  micri te .






SB I 0 Y R 4 / 2  BRN 9 A  L i me s t o n e , Bracmopod f r a gme n t f i o% ) ,  encrus t ing a p t er i ne l l i d ( 2%) ,  algal p i a t e ( 5%) ,  crinoid f r a g me n t (3%),  
spine bear i ng ,  quartz  s i l t y  ( 5 % ) ,  c h u r n e d ,  f ragment ed  biomicri te.
SB
SB
SRN 9A S e e  6 0 .
SRN 9A S e e  6 0 .
SB I 0YR 4 / 2  BRN 8  S e e  5 0 .
SB 10 Y R 4 / 2  BRN 8
50- -£c
----
TS I 0 Y R 4 / 2  BRN 8
SB BRN 8
Limestone^ Atgal p l a f e ( 2 5 %) ,  crinoid fragment (10%),  ec hi no i d  f r a gme n t ( 5 % ) ,  apterinel l id ( 3 % ) ,  brachiopod  
fragment (5 %),  s p i n e  b e a r i ng ,  e n c r us t i n g  algae and f o r a m i n i f e r s  ( 5 % ) ,  i n t r a c l a s t i c ( 8%) ,  q ua r t z  f i n e  
sandy( i %) ,  micri t ic pacKed b i o s p a r i t e .
S e e  50
4 7 SB I 0 Y R 4 / 2  BRN 8  . S e e  4 3 . 8
45-t-
4 5  s  S B  " BRN 8  i S e e  4 3  8
4 5  _  SB " BRN 8  - S e e  4 3 . 8
■44-t  SB 10YR4 / 2  BRN 8  | Limestone-, Brachiopod f ragment (10%),  phylloid algal  p l a t e ( 2 0 % ) ,  apterinel l id (10%),  bryo zoan  f r a g me n t ( 5 %) ,  
■44 SB " BRN 8  ; echinoid and crinoid frag. ( 5%) .  gas t ropod ( 2 %) ,  o s t r ac o d .  s p i n e  beari ng,  c a r b o n a c e o u s  f r agme n t  ( 5 % ) ,
■43.e  TS I O Y R 4 / 2 0 RN  8  l e ncr us t i ng  plue green algal  ( 5%)  silty micri te intraciast( iO%),  quartz f ine sandy ( 2% )  b i o mi c r i t e .
4-3 .2. TS 10 YR7 / 4  bRN IOA Sandstone-,  micrite c e me nt e d  ( 2 0 %) ,  burrowed and s an d y  pe l mi cr i te  i n t ra c l a s f  ( 1 5 % ) ,  f ine grai ned
( . 0 8 - . 18mm),bimodal ly s o r t e d , rounded to s ubanguiar ,  c n e r t y ( 2 0 % ) ,  q u a r t z  s a n d s t o n e .
4 0 -
SB I 0 Y R 4 / 2  4  Limestone- ,  Quartz  f ine s a n d y ( 5 % ) ,  os tracod frag. (3%) ,  s p a r r y ( 2 % ) ,  part ly c omp ac t e d  p e l mi c r i t e .
SB lOYR4 / 2  BRN 4  Bre c c i a t e d  L i m e s t o n e ;  Os t ra c o d  ( 2 % ) ,  c o m p a c t e d  p e l mi c r i t e .
SB I 0 Y R 6 / 2  BRN! IOA S e e  38.
SB I 0 Y R 6 / 2  BRN IOA Sandstone,  micrite c e m e n t e d ( 2 5 %) ,  pelmicri te  i n t rac l a s t ( 5 %) ,  subround t o  s ubanguiar ,  f ine grained,
q u a r t z  s a n d s t o n e .
SB I 0 Y R 5 / 4 B r e c c i a t e d  L i me s t o n e ;  q u a r t z  f i ne  s c n d y  (10%), co mp a c t e d  pe l mi c r i t e .
SB F 5 Y R 3 / 2 4  L i me s t o n e ,  o s t r a c o d  ( 5 %) ,  quartz f ine s a n d y  (2 %),  s p a r r y ( t 0 % ) ,  c o mp a c t e d  pe lmi cr i te .
30-
2 5 -
TS 10 YR 4 / 2  4
■TS N 5 BRN t 
SB :IOYR4/2 ; 5  
SB TOYR4/ 2  
. SB ! lOYR4/2  
ISB I 0 Y R 6 / 2
SB 10 YR 4 / 2  
SB 10 YR 4 / 2
Li m e s t o n e ;  brachiopod f rag ment ( 3%) ,  apt er i ne l l i d( 2 %) ,  cr i no i d  fragment ,  s p i ne  bear i ng ,  e n c r u s t i n g  
b l u e - g r e e n  a l g a e ,  s p a r r y ( 2%) ,  c o m p a c t e d  p e l mi c r i t e .
Dolomite-, brachiopod fragment ( i5%)  bryozoan f r a g m e n t ( 2 % ) ,  crinoid f r a g m e n t  ( 3 % ) ,  e c h i n o i d  
f r a g m e n t  (I %) ,  s p i n e  b e a r i ng  ( 1%) ,  chur n e d ,  do l omi cr i t e .
Limestone-,  l ami nated,  o s t r a c o d  ( 2 % ) ,  s pa r r y ,  b i r d s - e y e  t ex t u r e d ,  mat a lgal  b i o l i t h i t e .
S e e  2 9 . 5
L i m e s t o n e ,  O s t r a c o d ( l 5 % ) ,  mat  algat  fragment  ( 1 5 %) ,  p e l m i c r i t e .
L i me s t o ne ;  brachiopod f r ag me n t ( l %) ,  crinoid f r ag me n t ( i %) ,  a p t e r i ne l l i d ( i % ) ,  s p i n e  b e a r i ng  
b u r r o w e d ,  mot t l ed ,  c o m p a c t e d  pe l mi c r i t e .
Limestone-,  o s t r a c o d ( 5%) ,  lami nated,  p e l l e t a l ,  s pa r r y ( i O % ) ,  mat algal  b i o l i t h i t e .  
L i m e s t o n e ;  o s t r a c o d ( l O % ) ,  blue gr e e n  algal  f ragment  ( 10%) ,  pe l mi c r i t e .
20 - -
SB I 0 Y R 4 / 2 4 Li mes tone ,  Os t rac od  ( 1 5 %) ,  s p a r r y ( l O % ) ,  part l y  c o mp a c t e d  pelmi cri te .
SB I 0 Y R 6 / 2  BRN 7  Limestone-,  Brachiopod f r agme n t ( 3 %) ,  cr inoid f r a g me n t ( 5 %) ,  algal  p l at e  ( 3 0 % ) ,  e n c r u s t i n g  a p t e r i ne l l i d  
and blue g r e e n  a l g a l ( 10%) ,  i n t r a c l a s t (1 % ) ,  s p a r r y  ( 1 0 % ) ,  s u p e r f i c i a l  o o m i c r i t e .
SB 10 YR 4 / 2 4  Limestone- ,  Os t racod (10%),  s p a r r y  ( 5 % ) ,  part ly c o m p a c t e d  pe l mi c r i t e .
15-
 )r_!'3.5 SB I 0 Y R 4 / 2  4 L i me s t o n e ;  o s t r a c o d ( 5 % ) ,  burrowed,  c o m p a c t e d  p e l m i c r i t e .
10-1
I
-7/-5 s b  10 Y R 6 / 2  BRN 4  Li me s t on e ;  B r ac h i o pod  f r a g m e n t  ( 3 % ) ,  c r i no i d  f r a g m e n t  ( 5%) ,  o s t r a c o d  f r agment ,  pel le t  a l ("?) micr i t e.
■9 SB N I BLK 3 A S e e  4.
SB ' Nl BLK 3 A L i m e s t o n e ,  Pr oduet i d  brachiopod ( i o % ) ,  c n n o i d  f r a gme n t  ( 15%) ,  b r v o z o a n  f ra g me n t  (5?%), e c h i n o i d  
f r a g m e n t ,  p h o s p n a t i c  f r a g m e n t ,  a p t e r i ne l l i d  ( 1%),  s p i n e  b e a r i n g  ( 3 %) ,  c h u r n e d ,  pacKed* biomicri te.
15-
1 0 -
7 S B  10Y R6 /2  brn: 2  S e e  3 .
3  S B  I 0 Y R 6 / 2  BRN 2  Limestone- ,  B r a c h i o p o d ( 10%),  cr i no i d  f r a g m e n t ( 1 5 % ) ,  e c n i no i d  f r a g m e n t ( 3 % ) ,  mi l l e r e l l i d  ( 1% ) ,  
b r y o z o a n  f r a g m e n t  ( I % ),  e n c r u s t i n g  b l u e  g r e e n  a l g a l ( i % ) ,  s p i ne  bear i ng  ( 5 % ) ,  chu r n e d  
b i omi c r i t e .
Li.
557*
s ° in s 3
PLATE 13
SECTION 7 ! r
APPROXIMATE SE 1/4 SE 1/4 NE 1/4, SECTION 2 0  KU
T - I 4 - S  R -9 -W , M.P.M. V J
WILLIAM J .  STRlCKLER ° Y '  ^
1 9 7 2
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PLATE 14
SECTION 6
APPROXIMATE SW 1/4 SW 1/4 NW 1/4, SECTION 17 
T - I 4 - S  R - 9 - W ,  M.RM.
WILLIAM J.  S T Rl CK L E R  
1 9 7 2
PLATE 15
SECTION 5
A P P R O X IM A T E  SW 1/4 SW 1/4 NW 1 /4 ,  S E C TIO N  17
T - I 4 - S  R - 9 - W ,  M.RM.
WILLIAM J. STRl CKLER  
1 9 7 2
JC 01i- o  a
® o  >sf; Ch
SB I 0 Y R 4 / 2  5  Li me s t one - ,  O s t r a c o d  ( 2 % ) ,  l a m i n a t e d ,  ma t  a l g a l  b i o l i t h i t e .
S B I 0YR 7 / 4  100 S a n d s t o n e - ,  M i c r i t e  c e m e n t e d  ( 2 0 ° / o l ,  t i n e  g r a i n e d ,  s u b r o u n d  t o  a n g u l a r ,  wel l  s o r t e d ,  Qu a r t z  s a n d s t o n e .
S B I 0 Y R 7 / 4 100 S e e  27 .
S B  I 0 Y R 6 / 2 L i m e s t o n e ;  s p a r r y  ( 3  ° / 0) ,  p e l m i c r i t e .
SB 10YR4 / 2 BRN 7 L i me s t o n e - ,  At ga l  t r o g m e n t  ( 30° / o l ,  b r a c n i o p o d  a n d  s p i n e  f r a g m e n t  ( 5 %),  r o u n d e d  m i c r i t e  i n t r a c l a s t  ( 5 ° / 0l ,
p e l l e t a l ,  e n c r u s t i n g  a p t e r i n e l l i d ,  q u a r t z  t i n e  s a n d , - ,  s u p e r f i c i a l  o o h t h  ( 5 ° / o ) ,  s p a r r y  ( 5 % ) ,  p a c K e d  
b i o m i c r i t e .
SB I 0YR7 / 4 100 S a n d s t o n e ;  D o l o m i c r i t e  an d  s i l i c a  c e m e n t e d  (IO°/o) ,  f i n e  g r a i n e d ,  we l l  s o r t e d , s u b r o u n d  to a n g u l a r ,  
Q u o r t z  S a n d s t o n e .
S B IOYR7/ 4 100 S e e  16.
SB IOYR7/4 
S 8 5 Y 6 / I
SB I 0 Y R 6 / 2  
SB 5  Y 7 / 2
100 S o n d s t o n e - ,  M i c r i t e  c e m e n t e d  ( i 5 ° / o ) ,  t i n e  g r a i n e d ,  s u b a n g u i a r  to a n g u l a r ,  w e l l  s o r t e d ,  Q u a r t z  
S a n d s t o n e .
1 0 0  S a n d y  L i m e s t o n e - ,  M i c r i t e  i n t r a c l a s t ( l 5 ° / o ) ,  Qu a r t z  m e d i u m  -  c o a r s e  s a n d y  ( 2 % ) ,  m i c r i t e .
I 4 - 7  L i m e s t o n e ;  s p a r r y  ( 1 0 °/o),  o s t r a c o d  ( l ° /o) ,  p e l m i c r i t e  i n t r a c l a s t  ( 5 % ) ,  s u p e r f i c i a l  ool i t e  (1%),  b u r r o w e d ,
q u a r t z  f i n e  a n d  m e d i u m  s a n d y  ( 5 % ) ,  p a r t l y  c o m p a c t e d  p e l s p a r i t e .
9A S i l t y  L i m e s t o n e ,  L a m i n a t e d  5 Y 7 / 2  an d  N 4 ,  q u a r t z  s i l t y  ( l ° / o ) ,  m i c r i t e .
PLATE 16
SECTION 4
AP P R O X IM A TE  CENTER OF NE 1/4 NW 1 /4 ,  S E C T IO N  7
T - I 4 - S  R - 9 - W ,  M.P.M.
WILLIAM J. STRl CKLER  
1 9 7 2
o  — c




o  a. 
o  >. 
OC V-
5 5  -  5 7  S h a l e ,  C a l c a r e o u s ,  f i s s i l e ,  s h a l e .
r o  Ml 7  5 2 . 7 -  5 5  S a nd y  L i m e s t o n e ;  Brac hi opod  f r a g m e n t ( 1 5 %) ,  c r i no i d  f r a g m e n t ( 5 % ) ,  e n c r u s t e d  a l ga l  p l a t e  ( 3 0 % ) ,
s u p e r f i c i a l  ool i tn ( 2 0 ° / 0), mi c r i t e  i n t r a c l a s t ( l % ) ,  e n c r u s t i n g  a p t e r i n e l l i d  and Pl ue  g r e e n  a l g a e  ( 3 % ) ,  
IOD q u a r t z  f i n e  s a n d y  ( 1 0 % ) ,  P i o s p a r i t e .  c n a n n e l e d  Py S a n d s t o n e ( 5 Y R 6 / l ) - ,  M i c r i t e  c e m e n t e d  ( 3 0 % ) ,
f i n e  g r a i n e d ,  s u b a n g u i a r  t o  a n g u l a r ,  Q u a r t z  S a n d s t o n e .
FD 10 YR6/ 2BRN 4  5 1 - 5 1 . 8
FD 5 Y 6 / 1  BRN 9A 4 8 . 5 - 5 1
IOD
L i me s t o n e ;  O s t r a c o d ( 5 % ) ,  s p a r r y  ( 5 % ) ,  q u a r t z  f i n e  s a n d y  ( 1 0 %) ,  p a r t l y  c o m p a c t e d  p e l s p a r i t e .
Do l o mi t i c  s i l t y  L i m e s t o n e ;  B r a c m o p o d  f ragment  ( 2%) ,  cr inoid f r a g m e n t  ( 2 % ) ,  a l gal  f r ag me n t  (I %) ,  mot t l ed  
ngnt  o i i Ye  g r a y  ( 5 Y 6 / I )  a n d  b l ac k  (Nl ) ,  q u a r t z  s i l t y ( 5 % ) , d o l o m i t i c  ( 1 0 % ) ,  s p a r s e  f r a g m e n t a l  mi c r i t e .  
Local l y  c n a n n e l e d  Py S a n d s t o n e  ( I 0 YR7 / 4 ) ;  Micri te c e m e n t e d ( 4 5 ° / o ) ,  f i n e  t o  m e d i u m  g r a i n e d ,  s u P a n g u l a r ,  
Q u a r t z  S a n d s t o n e .
F D I 0 Y R 4 / 2  5  4 2  5 - 4 3 . 5  L i m e s t o n e , O s t r a c o d  ( 5 % ) ,  l a m i n a t e d ,  s p a r r y ,  q u a r t z  f i n e  s a n d y  ( 5 % ) ,  m a t  a l g a l
P i o l i t n i t e
FD 5 Y R 3 / 2  4  4 1 3  -  41 . 8  L i m e s t o n e ,  O s t r a c o d  ( 1 0 %) ,  s p a r r y ,  b u r r o w e d ,  p a r t l y  c o m p a c t e d  p e l s p a r i t e .
FO 5 YR 3 / 2  4  3 6  -  3 8  L i me s t o n e - ,  O s t r a c o d  ( 5 % ) ,  s p a r r y  ( 5 % ) ,  b u r r o w e d ,  p or t l y  c o m p a c t e d  p e l s p a r i t e
FD 5 Y 7 / 2  BRN 9 0  3 2 . 5  - 3 6  D o l o m i t e ,  Q u a r t z  s i l t y ,  d o l o m i c r i t e .
FD 5 Y 7 / 2 W H  9 0  2 4 . 7 -  2 9 . 7  Dolomi te - ,  B r a c n i o p o d  f r a g m e n t  (I % ) ,  q u a r t z  s i l t y ,  d o l o m i c r i t e .  ( Beddi ng b a d l y  b r o k e n  wi t h
v e r t i c c l  f r a c t u r e s . )
FD N I BLK 3 A 1 3 2 - 1 5  L i m e s  t o n e ,  B r a c m o p o d  f r a g m e n t  ( 2 % ) ,  c r i n o i d  f r a g  m e n t  ( I % ) ,  b r y o z o a n  f r a g m e n t  (I % ) ,
s p i n e  b e a r i n g ,  m o t t l e d  b l a c k  ( N l )  a n d  l i g h t  o l i v e  g r a y  ( 5 Y 6 / I ) ,  s p a r s e  f r a g m e n t a l  
b i o m i c r i  t e .
FD N l  BLK 3 A  1 0 . 5 - 1 3 . 2  L i m e s t o n e - ,  B r a c h i o p o d  f r a g m e n t  ( 1 0 % ) ,  c r i n  oi d f r a g m e n t  ( 5  % ) ,  e c h i n o i d  f r a g m e n t  ( 1 % ) ,
b r y o z o a n  f r a g m e n t  ( 3 % ) ,  a p t e r i n e l l i d  ( 1 % ) ,  p n o s p h a t i c  f r a g m e n t  ( 1 % ) ,  s p i n e  b e o n n g ,  
b i o m i c r i t e .
FD 10YR4 / 2 BRN 4  2 - 9 . 5  l i m e s t o n e , O s t r a c o d  ( 5  % ) ,  s p a r r y  ( I o % ) ,  p a r t I y  c o m p a c t e d  p e l s p a r i t e
F̂ D 5  Y R 6 / I  BRN 9 A  0 - 2 L i m e s t o n e ,  Q u a r t z  s i l t y  ( 3 % ) ,  u n f o s s i l i f e r o u s  m i c r i t e .
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! cr H*
75-_L FD I 0 Y R 7 / 4  WH 9 C  6 8 . 5  - 8 0  Dolomi t e ;  R a r e  b r a c h i o p o d  and c r i n o i d  f r a g m e n t ,  s p a r r y  ( 2 ° / o ) ,  d o l o m i c r i t e .  ( B e d d i n g  badl yb r o k e n  w i t h  v e r t i c a  I f r a c t u r e s . )
6 5 -
6 0
5 0 - "
FD I 0 Y R 7 / 4  WH 9 C  4 2 . 5 - 5 8 . 5  Dolomi te - ,  Br a c h i op o d  f r a g m e n t  ( 3 % ) ,  c r i n o i d  f r a g m e n t  ( 2  °/o), s p a r r y  (i °/o) ,  d o l o m i c r i t e .
( B e d d i n g  b a d l y  b r o k e n  w i t h  v e r t i c a l  f r a c t u r e s . )
4 0
3 5 - FD N 5 7  3 4 - 3 5 . 5  L i m e s t o n e ;  B r a c h i o p o d  f r a g m e n t  ( 2  ° / 0),  c r i n o i d  f ra g me n t  ( 3 % ) .  a l gal  p l a t e  ( 1 0 % )i n t r a c l a s t i c , m i c r i t e .  ’
FD N 5 5  3 2 -  3 4  L i m e s t o n e - ,  L a m i n a t e d ,  b i r d s - e y e  t e x t u r e d ,  s p a r r y  (1 0°/o),  mat  a l g a l  b i o l i t h i t e .
3 0 -
FD I 0 Y R 6 / 2  WH 9C 2 6 . 5 - 2 9 . 5  Dolomite- ,  U n r o s s i l i f e r o u s ,  h e m a t i t i c ,  d o l o m i c r i t e .  ( Be d d i n g  b adl y  b r o k e n  wi t h  v e r t i c a l
f r a c t u r e s .
25 -
20
FD H 5 BRN 7  1 7 . 5 - 1 9 . 5  L i m e s t o n e ;  B r a c h i o p o d  f r a g m e n t  ( 5 % ) ,  c r i n o i d  f r a g m e n t  ( 5 % ) ,  e n c r u s t e d  a l g a l  p l a t e  ( 3 0 ° / o ) ,
e n c r u s t i n g  a p t e r i n e l l i d  ( IO ° /o ) , i n t r a c l a s t i c  ( I O ° /0), b u r r o w e d ,  s p a r r y  ( 5 % ) ,  s u p e r f i c i a l  
o o m i c r i t e .
15-
A__
;FD N 3 BLK 3A 1 3 - 1 5 .5  Li me s t o n e - ,  B r a c h i o p o d  (IO °/o ), c r i n o i d  f r a g m e n t  ( l5 ° /o ) ,  e c h i no i d  and b r y o z o a n  f r a g m e n t ,  
I b u r r o w e d ,  b i o m i c r i t e .
10-
FD 1 0 Y R6 / 2BRN  5  3 - l l  L i m e s t on e - ,  O s t r a c o d  ( 1 0 %) ,  l a m i na t e d ,  b i r d s - e y e  t e x t u r e d ,  s p a r r y  (15%) ,  mat a l ga l  b i o l i thi t e .
5 -




APPROXIMATE CENTER OF SE 1/4 SW 1/4 ,  SECTION 3 6
T - I 3 - S  R - I O - W ,  M.P.M.
w i l l i a m  j . s t r i c k l e r
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2 °  
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4) 1 O  Cl 
c  1 o  
U a  *- ,
I 0YR4 / 2 4  A !
a i gc l  (?) p l a r e  ( 3 % ) ,  b i omi c r i t e .
! SB ; I0YR4/2BRN 9A L i m e s t o n e ,  Ga s t ropod  ( 10 °/o), s p i n e  b e a r i n o (1 0°/o),  e c n m a i d  f r a g m e n t  ( 3 % ) ,  b r a c n i o p o d  f r a g m e n t ,  
quart z  s i l t y  to f i n e  s a n d y  ( 2 % ) ,  b i o mi c r i t e .
SB I0 YR4 /2  BRN 9 A S i l t y  L i m e s t o n e ; Brachi apad f r ag me n t  ( i%),  f ine f a s s i l  f rag . ( l%),  q u a r t z  s i l t y  ( 2  %) ,  m i c r i t e .
SB N I BLK 9 A  L i m e s t o n e ;  Br a c n i o po d  f r a g me n t  (1%),  crinoid f r a g m e n t  ( l ° / o) ,  b r y a z o a n  f r a g m e n t ,  a p t e r i ne l l i d ,  s p i n e  
I b e a r i n g ,  s p a r s e  b i o m i c r i t e .
: I
SB - I0YR6/2  WH 9C Dolomite-,  Brachi opod f r a gme n t  ( I%) ,  b r y o z o a n  f r a g m e n t  ( l ° /o) ,  d e n s e  d o l o mi c r i t e .  ( Beddi ng  b r o k e n  
w i t h  v e r t i c a l  f r a c t u r e s . )
SB I 0YR4/ 2BRN 9A S i l t y  L i m e s t o n e ;  Crinoid f ra g me n t  (I°/o),  b r y o z a a n  f r a g m e n t  ( I°/o),  b r a c h i a p a d  f r a g m e n t  (I °/o), 
q uar t z  s i l t y  ( 3 % ) ,  s p a r s e  b i a m i c r i r e .
FD : N I 
SB ; N I
S B  ! N I
BLK 3A S h a l y  Limest one- ,  Brac hi o pod  ( 3 %) ,  b r y o z a a n  (I % ), n e o t r e m o t e  brachi apad (l°/o),  b i o m i c r i t e .
BLK 3A L i m e s t o n e ;  Brac hi opod  (I0° /o) ,  cr i noi d  f r a g m e n t  ( 5 % ) ,  b r y o z a a n  ( 3 % ) ,  a p t e r i ne l l i d  ( I% ) ,
n e a r r e m a t e  f r a g m e n t  ( l°/o),  b i o mi c r i t e .
BLK 3 A L i m e s t o n e ;  U n f a s s i l i f e r a u s , m i c r i t e .
FD :n i BLK 3A L i m e s t o n e ;  Bra c n i opo d  f ragment ,  cr i noi d  f r ag me n t ,  br y o z o a n  fragment ,  micri te.
3 5 -
3 0 -
FD N I Shale- ,  F i s s i l e ,  c a l c a r e o u s ,  s n a l e .
2 5 — FD 10 YR 8 / 2 IOD D o l o mi t i c  S a n d s t o n e ;  D o l o m i c r i t e  and c l ay  c e m e n t e d  ( 2 0 % ) ,  f i n e  g r a i ne d ,  well  s o r t e d , s ub a n g u i a r  
to angul ar ,  Q u a r t z  S a n d s t o n e .
20 -
—- 2 2 . iT
v— 2/ 0




: SB | l 0YR6/ 2  Y
■2°  SB I 0YR6/ 2  BRN 7
IOD S e e  2 5 .
Sandstone;  Dolomicri te ( I0°/o)and micri te  ( 2 0 % )  cemented a s t ra c o d  frag ( 3%) ,  algal piaf e ,  cr inoid fragment ,  
micri te  i n t r ac l a s t  (I °/o),  fine to medium grained s ubangui ar ,  poorly s or t e d  Qu a r t z  S a n d s t o n e .
S and y  L i m e s t o n e ;  Os t racod and o s t r ac o d  f ragment  (lO°/o),  bracmopod f r a g me n t  ( i°/o), s p i n e  b e a r i n g ,  
a p t e r i n e l l i d ,  l a m i n a t e d  quar t z  t i ne  s a n d y  ( 3 0 % ) ,  m i c r i t e .
Dolomite-,  Bracniopod f r a g m e n t ( 3 % ) ,  cr inoid fragment  ( I °/o),  b r y o z o a n  f ragment ,  algal  p l a t e  ( 5 ° / o ) ,  mi cr i t e  





BRN 7 S e e  20 .
I0YR7/ 4  IOD S a n d s t o n e ,  Mi c r i t e  and c l ay  c e m e n t e d  ( 2 0 % ) ,  medium and f i n e  g r a i ne d ,  subround t o  s ub a n g u i a r ,
b imodal l y  s o r t e d ,  l i m o n i f i c  ( p y r i f e  ) ,  Q u a r tz  S a n d s t o n e .
SB i 5 Y 8 / 1  IOD S a n d s t o n e ;  M i c r i t e  and c l a y  c e m e n t e d ,  f ine  to medium g r a i n e d ,  s u b r o u n d  to  s u b a n g u i a r ,  wel l  
j s o r t e d ,  m a n g a n i f e r a u s  ( I 5 0/o),  Qu a r t z  S a n d s t o n e .
1 0 -
oJ




SB 5 Y R 6 / I IOD
y - 5 . 9 1 SB N 5 7
■ Jr 5 : s b
tt BRN 7
S a n d s t o n e ;  Micrite and c lay c e m e n t e d  (15%),  f ine  t o  medium gra i ne d,  s ubround t o  s u b a n g u i a r ,  wel l  
s o r t e d ,  Q u a r t z  S a n d s t o n e .
Sands t one - ,  Mi cri te  and s i l i ca  c e m e n t e d  ( 3 0 % ) ,  f i n e  g r a i ne d ,  angul ar  ta s ub an gu i ar ,  wel l  s o r t e d ,  
brachi opod f r a g m e n t ,  a l ga l  p l a t e  f r a g m e n t ,  Q u a r t z  S a n d s t o n e .
L i me s t o n e ;  Br a c h i op o d  f r a g m e n t ( 3 %) ,  c o a t e d  algal  p l a t e  ( 2 5 % ) ,  s up e r f i c i a l  ool i th ( 3 5 %) ,  e n c r u s t i n g  
opt er i ne i l i d  and blue gre en  a lgae  ( 5%) ,  mat a l ga  I i n t r ac i a s t ( 3 %) ,  quartz f ine  s a n d y (10%),  pacKed biospari te .  
S e e  5 .9
J
2 5 - fi§-25'
;::-5
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o®  c  *- L x. <s
n , a .  n  —  O' u  Q
clE J  o  c  o > .
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HCO
TS I 0 Y R 6 ' 2  4 A L i m e s t o n e ,  Os t ra c o d  f ragment  ( 2 5 al gal  f r a g me n t .
65-i
6 0 -
TS I 0 Y R 6 / 2  9 0  Li me s t o n e - ,  P l a n t  l e a f  and s t e m , r e c r y s t a l l i z e d ( 4 0 ° / o ) ,  m i c r i t e  f i l i ed  g c s t r o p o d  ( 2 5 °/o) ,  p a c k e d  B i o m i c r i t e .
SB Ni BLK 3 A S e e  5 0 . 5
35  ,
m .
_z? . 6 i
'D
S C . S SB N I
50--
3 A S e e  5 0  5
3 A  Li me s t one ,  P r e d i c t ' d  Brach. opod ( 25  '■A), f e n e s t r a t e  b r y o z o a n ( l 5 c/o),  c r i n o i d  f ro gme n *  ( l 5 ° / 0),  s p i n e  Bea r i ng  (5°/p) ,  
ecn. no i d  f ragment  v5 % ) ,  Ne o t remat e  Bracni opod ( 2 % ) ,  e n c r u s t i n g  apt er i ne l l i d  (2 ° / o ) ,  p e c k e d  t u  m i c r i t e .
4 5 -
4 0
__  3 9 FD I0Y 6 ' 2 S h a l e ,  S e e  3 7
FD N Snalc- ,  B r y c z o a n  ( 3 °/o),  o s t r a c o d  ( 5 °/o) ,  f i s s i l e ,  c c i c o r e o u s  s h a i u .
3 5 ~  ' i/7f-
SB 10YR7/ 4  IOD S a n d s t o n e , Mi cr i t e ,  c l a y ,  and s i l i c a  c e m e n t e d ( 2 5  %) ,  algal Blade B i o l i t m t e  ( iO°/o) ,  medium to f i n e  g r a i n e d ,  suBround
t o  s u B a n g u l a r ,  Q u a r t z  S a n d s t o n e .
TS I 0 Y R 4 / 2  12 L i m e s t o n e ,  Pr o du et i d  Br a c h i o p o d ( 2 0 ° / o ) ,  crinoid f r a g m e n t ( l 5 ° / o ) ,  e c h i no i d  f r a g m e n t  ( 3 ° / 0), b r y o z o a n  f r a g m e n t ( 3 ° / o ) ,
e n c r u s t i n g  a p t e r i n e l l i d  e nd  Biue g r e e n  a l ga l  ( 3 % ) ,  mi l l e r e l l i d  ( 3° /oi ,  mat a l ga l  i n t r a c l a s t  ( 2 0 ° / 0),  p a c k e d  
Bi omi cr i  t e .
3 0 -
TS I 0 Y R 4 / 2
TS I 0 Y R 4 / 2
12 L i m e s t o n e  Produet i d  B r a c h i o p c a ( 2 5 °  c n n o i d  f r a g me n t  (15 °/o), Br y o z o a n  f r a g me n t  ( 3 % ) ,  e c n l n o i d  f r a g m e n t  ( 3 %
e n c r u s t i n g  a p t e r i n e l l i d  ( 5 °/o ), e n c r u s t i n g  Bl ue  -  g r e e n  a l g a l  ( 3 % ) ,  mat  a l g a l  i n f r a c l a s t  ( i° /o ), s p . me  
Bear i ng  p a c K e d  B i o m i c r i t e .
12 L i m e s t o n e ,  P r o d u e t i d  Brachi opod ( i 5 ° / 0), cr i noi d  f r a g m e n t  (15 ° /o ), e c h i n o i d  f r a g m e n t  ( 5  ° / 0), Bryoz oan  f r a g m e n t ( 3 % ) ,







/  (c TS
TS I 0 Y R 6 / 2
IOA S e e  i6
IOA i n t r c c i a s t i c  S c n c s t o r e ,  3 r a c h i o p o d  f ragment  ( i °/o),  p e l m i c r i t e  i n t r a c l a s t  ( l5° /o) ,  dol omi cr i t e  a n d s m c c  c e m e n t e d (3096),
f i n e  gr c i n e d  ( . 0 6 2 4  mm),  wel l  r o unde d  to angul ar ,  Dimoda.  i y  s o r t e d ,  l a m i n a t e d , Qu ar t z  S a n d s t o n e
7 S a n d y  L i m e s t o n e , Br a c n i o p o d  f r a g me n t  (15%),  cr inoid f r a g m e n t  ( 1 5%) ,  e c n mo i d  ' r a g me n t  ( 3 % ) ,  P h o s p n a t i c  f ragment
7 ( 2 0/c), e n c r u s t i n g  mat aioal  ( 3%) ,  enc r us t i n g  apteri ne l l i d  ( 5  %) ,  pelmicri te  i n t r a c l a s t  ( 5 % ) ,  q ua r t z  f i n e  s a n d y  ( 3 5 % ) ,
f r a g m e n t a l  r n . c n t e  14 -  S e e  15
7 S e e  15
10- • I
4 - 9  SB 5  Y 6 / 1  9 B S n t s t o n e ,  Mi cr i t e  c e me n t e d  ( 2 5 % ) ,  Q u a r t z  S i l t s t o n e .
§  SB 5 Y 6 / 1  9 C  Dolomite^ L a m i n a t e d  u n f o s s i i i f e r o u s  d o l o m i c r i t e .
SB 10 Y 7 '4
5 -
-4 TS N 6  12I
9 C  Dolomi t i c  Li me s t one - ,  Brachi opod fragment  U 0 % ) ,  B r y o z o a n  f r a g m e n t  ( 1 0 % ) ,  c r i no i d  f r a g me n t  ( 5 % ) ,  B u r r o w e d ,  
do i o mi t i c  ( 7 5 % ) ,  f r a g m e n t a l  m i c r i t e
L i m e s t o n e ,  B r a c h i o p o d  ( i5 ° /o ) ,  ec h i no i d  f r a g m e n t ( 5 ° / 0), c n n o i d  f r a g m e n t ( i o ° / 0),  B r y o z o a n  f r a g m e n t  ( 3 ° /0) 
a p t e r i n e l l i d  ( 3  ° /o ), m i l l e r e l l i d  ( 2 % ) ,  s p i n e  Bear i ng  ( 2  °/o), f ra gment a l ,  s p a r r y  ( 3 0 ° / 0) q u a r t z  s i l t y  (I 0/ o) * 
p a c k e d  B i o m i c r i t e .  ’ ’
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